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RECEIVED 

CWTHALBOC CENTER 



JUN 2 3 2008 



In the Claims : 

Kindly cancel Claims 1 - 6, 8, 10, 13 - 14, 16, 18, and 53 - 59. 
Kindly amend the claims as follows; 
1 - 6. (Canceled) 

7. (Currenlly Amended) The process of claim [[1]] 28, further comprising 
introducing catalyst additives to the electrolyte and thereby contributing to kinetics of the 
mediated electrochemical processes while keeping the additives from becoming directly involved 
in the oxidizing Sharps I and steriHzing Sharps II and biological and organic waste materials. 

8. (Canceled) 

9. (Currently Amended) The process of claim [[!]] 28, wherein the oxidizing species 
arc identified in Table I, and wherein each of the species has normal valence states and higher 
valence oxidizing states and fiirther comprising creating the higher valence oxidizing states of 
the oxidizing species by stripping electrons from normal valence state species in the 
electrochemical celL 

10. (Canceled) 

1 1. (Currently Amended) The process of claim [[1]] 28, further comprising using an 
alkaUne solution, aiding decomposing of the biological and organic materials derived from base 
promoted ester hydrolysis, saponification, of fatty acids, and forming water soluble alkali metal 
salts of the fatty acids and glycerin in a process similar to the production of soap from animal fat 
by introducing it into a hot aqueous lye solution. 

12. (Currently Amended) The process of claim [[1]] 28, fiirther comprising using an 
alkaline anolyte solution for absorbing CO2 from the oxidizing Sharps I and sterilizing Sharps 11 
and biological and organic waste materials and forming bicarbonate/carbonate solutions, which 
subsequently circulate through the electrochemical cell, producing percarbonate oxidizers. 

13-14. (Canceled) 

15. (Currently Amended) The process of claim [[1]] 95, further comprising 
impressing an AC voltage upon the direct current voltage for retarding formation of cell 
performance limiting surface films on the electrode. 



16. (Canceled) 
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17. (Currently Amended) The process of claim [[1]] 95, wherein the calholyte 
contains HNO3 or NO3" salts, and further comprising adding oxygen to the catholyte portion. 

18. (Canceled) 

1 9. (Currently Amended) The process of claim [[ 1 ]] 28, further comprising adjusting 
temperature between O^'C and temperature of the anolyte portion before it enters the 
electrochemical cell for enhancing generdtion of oxidized forms of the mediator, and adjusting 
the temperature between 0°C and below the boiling temperature of the anolyte portion entering 
the anolyte reaction chamber affecting desired chemical reactions at desired rates. 

20. (Currently Amended) The process of claim [[ 1 ]] 28, further comprismg 
introducing an ultrasonic energy into the anolyte portion, rupturing pell membranes in the 
biological mat e rialG material structures b v momentarily raising local temperature within the cell 
m e mbronoa material structures w ith tlic ultrasonic energy to above several thousand degrees, and 
causing c e ll m e mbran e material structure failure. 

2 1 . (Currently Amended) The process of claim [[ 1 ]] 96, further comprising feeding 
the evolving [[of]] oxygen from the anode to a hydrogen fuel apparatus to increase the 
percentage oxygen available from the ambient air. 

22. (Currently Amended) The process of claim [[1]] 28, further comprising 
introducing ultraviolet energy into the anolyte portion and decomposing hydrogen peroxide and 
ozone into hydroxyl free radicals therein, thereby increasing efficiency of the process by 
convertmg products of electron consuming parasitic reactions, ozone and hydrogen peroxide, 
into viable free radical secondary oxidizers without consumption of additional electrons. 

23. (Currently Amended) The process of claim [[1]] 28, further comprising adding a 
surfactant to the anolyte portion for promoting dispersion of the materials or intermediate stage 
reaction products within the aqueous solution when the materials or reaction products are not 
water-soluble and tend to form irmniscible layers. 

24. (Currently Amended) The process of claim [ [ 1 ]] 28, further comprising attacking 
specific organic molecules with the oxidizing species while operating at low temperatures and 
preventing formation of dioxins and furans. 

25. (Currently Amended) The process of claim [[1]] 28, further comprising brealcing 
dovm the biological and organic materials on Sharps I and II into biological and organic 

3 
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compounds and attacking these compounds using as the mediator simple and/or complex anion 
redox couple mediators or inorganic free radicals and generating organic free radicals. 

26. (Currently Amended) The process of claim [[1]] 2S. wherein the treating and 
oxidizing Sharps I and sterilizing Sharps II and biological and organic waste materials comprises 
treating and oxidizing Sharps I and sterilizing Sharps U and biological waste materials. 

27. (Currently Amended) The process of claiih [[I]] 28, further comprising raising 
normal valence state mediator anions to a higher valence state by stripping the mediator anions 
of electrons in the electrochemical cell, wherein oxidized forms of weaker redox couples pt^sent 
in the mediator are produced by similar anodic oxidation or reaction with oxidized forms of 
stronger redox couples present and the oxidized species of the redox couples oxidize molecules 
of the materials and are themselves converted to their reduced form, whereupon they are 
oxidized by the aforementioned mechanisms and the redox cycle continues. 

28. (Currently amended) A process for treating and oxidizing Sharps I into mctaliiG 
ions in solution in the anolyte and sterUizing Sharps II and destroying biological and organic 
waste materials, comprising circulating aniens ions.of mediator oxidizing species in an 
electrolyte through an electrochemical cell and affecting anodic oxidation of reduced forms of 
reversible redox couples into oxidized forms, contacting the ame«« ions.with the biological and 
organic waste in an anolyte portion of the electrolyte in a primary oxidation process, involving 
super oxidizer anions, having an oxidation potential above a threshold value of 1 .7 volts at 1 
molar, IS^C and pHl are present there is a free radical oxidizer driven secondary oxidation 
process, addmg energy from an energy source to the anolyte portion and augmenting the 
secondary oxidation processes, breaking down hydrogen peroxide and ozone in the anolyte 
portion into hydroxyl free radicals, and increasing an oxidizing effect of the secondary oxidation 
processes. 

29. (Original) The process of claim 28, wherein the adding energy comprises 
irradiating the anolyte portion with ultraviolet energy. 

30. (Currently amended) The process ofclaim 28, wherein the adding energy 
comprises introducing an ultrasonic energy source into the anolyte portion, irradiating material 
structurg L r H l l mombranoo in the orgonio v.'aot o, momentarily raising local temperature vnthin the 
material structures coll mombroncs , causing cell m o mbroiio material structures f kihn-e^ and 
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creating greater exposure of eeH-^efiteftte material structure, tn oxidizing species in tiie anolyte 
portion. 

3 1 . (Currently Amended) The process of claim 28, wherein the mediator oxidizing 
^P^'^' g glected from the Rroup con^istinp of fa ) simple anions redox couple mediators 
described in Table I; (bjLType I isopolyanions formed by Mo, W, V, Nb, Ta, or mixtures 
thereof; {ca.Type I heteropolyanions formed by incorporation into the isopolyanions if any of the 
elements listed in Table II (heteroatoms) either singly or in thereof, or £dlheteropolyanions 
containing at least one heteroatom type element contained in both Table I and Table II or 
combinations of the mediator oxidizing species from any or all of (aX (hXfc^^ud r^)t h^ 
genorio groups ^ 



Table I: Si mple Ion Redox Coup les 




Copper (Cu) 



Silver (Ag) 



+2 



+3 



+4 



+1 



Gold (Au) 



Magnesium 
(Mg) 



Calcium 



+2 



+3 



+1 



+3 



+4 



+2 



+4 



+2 



Cu"^{cupric) 

HCu02(bicuprite) 
CuOa'^ (cuprite) 



Cu"^ 
CuO^Xcuprate) 
CU2O3 (sesquioxide) 



CuQz (peroxide) 



Ag (argentous) 
Ago (argentite) 



Ag" (argentic) 
AgO^Cargentic oxide) 



Ago (argentyl) 
Ag2Q3 (sesquioxide) 



Au (aurous) 



Au"^-* (auric) 
AuO* (auryl) 
HjAuOj* (auric acid) 
H2AUO3* (monoauarate) 
HAu03"^(diaurate) 
AuOs'^ (triaurate) 
AU2O3 (auric oxide) 
Au(0H)3 (auric hydroxide) 



+2 Species/ +3, +4 
Species; 

+3 Species/ +4 Species 



+ 1 Species/ +2, +3 
Species; 

+2 Species/ +3 Species 



+1 Species/ +3, +4 
Species; 

+ 3 Species/ H 4 Species 



AUO2 (peroxide) 



Mg (magnesic) 



MfiOz (peroxide) 
Ca^^ 



+2 Species/ +4 Species 



+2 Species/ +4 Species 
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(Ca) 








M 


Ca02 (peroxide) 


Strontium 


+2 


Sr^^ 


+2 Species/ +4 Species 


+4 


SrOs (peroxide) 


Barium (Ba) 


+2 
+4 


Ba02 (peroxide) 


+2 Species/ -^4 Species 



III 




Mercury 
(Hg) 



Boron 



Thallium 
(Tl) 



See Rare 
Earths and 
Actinides 



+4 



+2 



+4 
+3 



+4.5 



+5 



+ 1 



+3 



+3.33 



Zn (zincic) 



ZnOH"- (zincyl) 
HZnOzXbizincate) 
Zn Oa"^ (zittcate) 



ZnOz (peroxide) 



+2 Species/ 
+4 Species 



Hg (mercuric) 

Hg (0H)2 (mercuric 
hydroxide) 
HHg02' (mcrcurate) 



HgQ2 (peroxide) 



+2 Species/ 
+4 Species 



H3BO3 (orthobonc acid) 



H2BO3", HBOi\ BOi^ 
(orthoborates) 
BO2' (metaborate) 
H2B4O7 (tetraboric acid) 
HB4077B407-^ 
(tetraborates) 
B204*^(diborate) 
Bf^Oio'^ (hexaborate) 



+3 Species/ 
+4.5, +5 
Species 



6205' (diborate) 



B03"/B02'»H20 
(perborate) 



Tr'(thaIlous) 



TP (thallic) 

(thallyl) 

TIiOj (sesquioxide) 
Ti(QH)3 (hydroxide) 



+1 Species/ 
+3 or +3.33 
Species; 
+3 Species/ 
+3.33 Species 



ThOs (peroxide) 



6 
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Carbon (C) 



Germanium 
(Ge) 



Tin (Sn) 



Lead (Pb) 



IV 



Lead (Fb) 



+4 




+5 



+6 
+4" 



+6 
+4 



+7 



+2 



+2.67 



+3 



+4 



HCO3' (bicarbonate) 

COj"^ (carbonate) 



+4 Species/ 
+5. +6 Species 



H2C2O6 (perdicarbonic acid) 



H2CO4 (permonocarbonic acid) 



H2Ge03 (germanic acid) 

HGeOa" (bigermaniate) 
GeOa"^ (germinate) 
Ge"^* (germanic) 
Ge04"* 

^206^05 (digermanic acid) 
H2Ge409 (tetragerraanic acid) 
H2Ge50ii (pentagermanic acid) 
HGegOif (bipentagennanate) 



+4 Species/ 
+6 Species 



^^50,1' (pentagermanate) 

T TT ■■ . . 



Sn^* (stannic) 

HSnOn" (bistaiinate) 
SnOj"^ (stannate) 
Sn02 (stannic oxide) 
Sn(QH)4 (stannic hydroxide) 



+4 Species/ 
+7 Species 



Sn04" (perstannate) 



Pb (plutnbous) 



HPbOzXbiplambite) 



PbOH^ 



Pb02"^(piumbiter 



PbO (plumbus oxide) 



Pb304 (piumbo-plumbic oxide) 



Pb2Q3 (sequioxide) 
W (plumbic) 



+2, +2.67, +3 

Species/+4 

Species 



PbOg' (metapiumbate) 



HPbOs' (acid metaplumbate) 



Pb04 (orthoplurabate) 



PbOa (dioxide) 



+2, +2.67. +3 

Species/+4 

Species 



7 
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Ztrconium 
(Zr) 



Hafhiuni 
(Hf) 



Nitrogen 



Pliosphoms 
(P) 



+6 



+4 



-HS 



+7 



+4 



+6 



+5 



+7 



Phosphorus 
(P) 



+5 



+6 



+7 



HTi04' titanate) 
TiO: (dioxide) 



TiOj^-* (pertitanyl) 
HTi04" (acid pertitanate) 
Ti04'^ (pertitanate) 
Ti03 (peroxide) 
Zr'^(2irconic) 

ZrO*^ (zircony!) 
HZr03* (zirconate) 



Zr205 (pentoxide) 



ZrOs (peroxide) 



ZfaO? (heptoxide) 



Hr(hafhic) 
HfD*2 (hafiiyl) 



HfOj (peroxide) 



HNO3 (nitric acid) 
NOa" (nitrate) 



HNQ4 (pemitric acid) 



H3p04(orthophosphoric acid) 

H2PO4' (monoorthophosphate) 
HP04'^ (diorthophosphate) 
P04"^ (triorthophosphate) 
HPO3 (metaphosphoric acid) 
H4P2O7 (pryophosphoric acid) 
H5P3O10 (triphosphoric acid) 
^^40i3 (tetraphosphoric acid) 



H4P2O8 (perphosphoric acid) 
H3PO5 (monoperphosphoric acid) 



+4 Species/ 
+6 Species 



+4 Species/ +5, 
+6, +7 Species 



+4 Species/ 
+6 Species 



+5 species/ 
+7 Species 



+5 Species/ 
+6, +7 species 



+5 Species/ 
+6, +7 Species 
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BismutJi 
(Bi) 



B 



Vanadium 
(V) 



+7 



+3 



+3.5 



+4 



4-5 



+5 



+7 



+9 



H2ASO4* (mono ortho-arsenate) 
HAs04*^ (di-ortho-arsenate) 
As04:^ (tri-ortho-arsenate) 



+5 Species/ 
+7 species 



AsOa^ (iirseny!) 
ASO3 (perarsen yl) 
Bi^-^ (bismuthous) 



BiOH*^ (hydroxybismuthous) 
BiO^ (bismuthyl) 
BiOa' (metab ismuthite) 
Bi407 (oxidey ~ 



BiiOA (tetroxide) 



BiOs' (metabismuthite) 
BI2O3 (pentoxide) 



VO2 (vanadic) 

H3 V207" (pyrovanadatc) 
H2VO4" (orthovanadate) 
VO3' (raetavanadate) 
HV04'^ (orthovanadate) 
V04"^ (orthovanadate) 
V2O5 (pentoxide) 
H4V2O7 (pyrovanadic acid) 
HVO3 (metavanadic acid) 
H4V<jOi7 (hexavanadic acid) 



VQ4" (pervanadate) 



VQ5" (hypervanadate) 



+3 Species/ 
+3.5, +4, +5 
Species 



+5 Species/ 
+7, +9 Species 



9 
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VI 



Tantalum 
(Ta) 



Sulfur (S) 



Selenium 
(Se) 



Tellurium 
(Te) 



Polonium 
(Po) 



+7 



+5 



+7 



+6 



+7 



+8 



+6 



+7 



+6 



+7 
+2" 



+4 



+6 



Nb04'^ (orthoniobate) 
Nb205 (pentoxide) 
HNb03 (niobid acid) 



Nb04" (pemiobate) 
NbzOy (perniobic oxide) 
HNbO^i (pemi obic acid) 
TaOs" (metatantalate) 

TaO^'^ (orthotanataiate) 
TaaOj (pentoxide) 
HTaOa (tantalic acid) 



Ta04^ G>entantalate) 
TajO? (pertantalate) 
HTa04«H20 (pertantalic acid) 



H2SO4 (sulfuric acid) 

HS04~ (bisulfate) 
S04"^ (sulfate) 



SaOg' (dlpersulfate) 



H2SQ5 (momopersulfiiric acid) 



H2Se204 (selenic acid) 

HSe04" (biselenate) 
Se04"^ (selenate) 



H2Se20g (per diselenic acid) 
H2Te04 (telluric acid) 

HTe04' (bitellurate) 
Te04'^ (tellurate) 



HzTezOg (perditelle nic acid) 
Po* (polonous) 



+5 Species/ +7 
species 



PoOj*^ (polonate) 



P0O5 (peroxide) 



+5 species/ +7 
species 



+6 Species/ +7, 
+8 Species 



+6 species/ +7 
Species 



+6 species/ +7 
species 



-*-2, -♦-4 species/ 
**-6 Species 



10 
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+4 



+6 



Molybdenum 
(Mo) 



+6 



VII 



Tungsten 
(W) 



+7 



+6 



Chlorine (CI) 



+8 



+1 



+3 



+5 



+7 



CrOH^', Cr(OH)2^ (chromyls) 



CrOa*, CrOj'^ (chromites) 
CriOs (chromic oxide) 
Cr(0H)3 (chromic hydroxide) 



CrOj (dioxide) 
Cr(0H)4 (hydroxide) 



+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 



H2Cr04 (chromic acid) 
HCr04" (acid chromate) 
CiO^"^ (chromate) 
CtiOy'^ (dichromate) 
HM0O4' (bimolybhate) 

Mo04"^ (molydbate) 
M0O3 (molybdic trioxide) 
H2M0O4 (molybolic acid) 



M0O4" (peiTTiolybdate) 
WoT^tungstic) " 



WO3 (trioxide) 
H2WO4 (tungstic acid) 



WO5* (pertungstic) 
H2WO3 (pertungstic acid) 



C!" (chloride) 



HCIO (hypochlorous acid) 
CIO" (hypochlorite) 



HCi02 (chlorous acid) 
CIO2' (chlorite) 



HCIO3 (chloric acid) 
C103- (chlorate) 



HCIO4 (perchloric acid) 
CIO4-, HCIOs"', C105-', CI2O/ 
(perch lorates) 



+6 Species/ 
+7 Species 



+6 Species/ 
+8 Species 



-I Species/ + 1, 
+3, +5, +7 
Species 



+1 Species/ +3, 
+5. +7 Species; 
+3 Species/ 
+5, -1-7 Species; 
+5 Species/ 
+7 Species 
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Bromine (Br) 



Iodine 



Manganese 
(Mn) 



+1 



+3 



+5 



+7 



+1 



+3 



+5 



+7 



+2 



+3 



+4 



+7 



Br' (bromide) 



HBrO (hypobromous acid) 
BrO" (liypobromitee) 



HBrOj (bromous acid) 

Br02' (bromite) 



1 Spcci€s/+1, 
+3, +5, +7 
Species; 



HBr03 (bromic acid) 
BrOa" (brotnate) 



HDr04 (perbromic acid) 
(prebromates) 



+1 Species/+3, 
+5, +7 Species; 
+3 Species/ +5, 
-^7 Species; 
+5 Species/ +7 
Species 



r (iodide) 



HIO (hypoiodus acid) 
10" (hypoiodite) 



HIO2 (iodous acid) 
IO2" (iodite) 



-1 Species/+I, 
+3, +5, 4-7 
Species; 



I Species/+3, 
+5, +7 Species; 
+3 Species/ +5, 
+7 Species; 
+5 Species/ +7 
Species 



HIO3 (iodic acid) 
IO3' (iodate) 



HIO4 (periodic acid) 
lO/, HIO5"', IO5 ■^ I2O9 ' 
(periodates) 



Mn (manganeous) 



HMnOi" (dimanganite) 



Mn (manganic) 



Mn02 (dioxide) 



Mn04'"' (manganate) 



MnO^" (permanganate) 



+2 Species/ +3, 
+4, +6, +7 
Species; 
+3 Species/ +4, 
+6, +7 Species; 
+4 Species/ +6, 
+7 Species; 
+6 Species/ +7 
Species 



12 
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VIII 



Period 4 



Iron (Fe) 



Cobalt (Co) 



Nickel (Ni) 



+3 



+4 



+5 



+6 



+2 



+3 



+4 



+2 



+3 



+4 



+6 



Fe* (ferrous) 
HFeOz (dihypoteiTite) 



Fe^^ (ferric) 
Fe(OH)*^ 
Fe(OH)2'' 
FeQ2'^(ferrite) 



FeO^^Cfenyl) 
FeO{^ (perferrite) 



FeO/(perfenyO 



FeO^'^ (ferrate) 
Co"^ (cobalous) 

HC0O2" (dicobaltite) 



Co^-' (cobaltic) 
C02O3 (cobaltic oxide) 



C0O2 (peroxide) 
H2C0Q3 (cobaltic acid) 
Nr^ (nickelous) 

NiOH" 

HNiOz'Cdinickelitc) 
NiO;'^ (nickelite) 



Ni* (uickelic) 
NiaOa (nickelic oxide) 



NiO; (peroxid e) 
Ni04"^ (nickelate) 



+2 Spccies/+3, 
+4, +5, -h6 
Species: 



+3 Species/+4, 
+5, +6 Species; 



+4 Species/ 
+5, +6 Species; 
+5 Species/ 
+6 Species 



+2 Species/ 
+3, +4 Species; 
+3 Species/ 
+4 Species 



+2 Species/ +3, 
+4, +6 Species; 
+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 



13 
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Period 5 



Ruthenium 
(Ru) 



Rhodium 
(Rh) 



Palladium 



+3 



+4 



+6 



+7 



+8 



+2 



+3 



+4 



+6 



+2 



+3 



+4 



+6 



Ru 



RU2O3 (sesquioxide) 



Ru(OH)3 (hydroxide) 



R.U (ruthenic) 

RUO2 (rutheaic dioxide) 

Ru(OH)4 (ruthenic hydroxide) 



RU2O5 (pentoxide) 
RuO/^ (ruthenate) 
RuOz*^ (ruthenyl) 
RUO3 (trioxide) 



Ru04' (perruthenate) 



H2RUO4 (hypenithenic acid) 
HRUO5" (diperruthenate) 
RUO4 (ruthenium tetroxide) 



Rh* (hyporhodous) 



Rli^^ (rhodous) 



Rh^' (rhodic) 
Rh203 (sesquioxide) 



RhOa (rhodic oxide) 
Rh(OH)4 (hydroxide) 
Rh04"' (rhodate) 
RhOa (trioxide) 



Pd^Mpalladous) 



PdOj'^ (pailadite) 



Pd203 (sesquioxide) 



Pd 03"^ (palladate) 
Pd02 (dioxide) 
Pd(OH), (hydroxide) 



Pd03 (peroxide) 



14 



+2 Species/ +3, 
+4, +5, +6. +7, 
•^•8 Species; 
+3 Species/ +4, 
+5, +6, +7, 4-8 
Species; 
+4 Species/ 
+5, +6, +7, +8 
Species; 
+5 Species/ +6, 
+7, 4-8 Species; 
+6 Species/ 
+7, +8 Species; 
•^7 Species/ 
+8 Species 



+ 1 Species/+2, 
+3, +4, 
Species; 
+2 Species/ +3, 
+4, +6 Species; 
+3 Species/ +4, 
+6 Species; 
4-4 Species/ 4-6 
Species 



4-2 Species/ 4-3, 
4-4, +6 Species; 
4-3 Species/ 
4-4, 4-6 Species; 
4-4 Species/ 
4-6 Species 
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vni 


Period 6 


Iridium (Ir) 


+3 


Ir^^ (iridic) " ' ' " '^""""^'^ 
Ir203 (iridium sesquioxide) 
Ir (0H)3 (iridium hydi-oxide) 


+3 species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 


+4 


Ir02 (iridic oxide) 

Ir (OH)4 (iridic hydroxide) 




+6 


Ir04'^ (iridate) 

IrOs (iridium peroxide) 


Platinum 
(Pt) 


+2 


Pt*^ (platinous) 


+2, +3 Species/ 
+4, H-6 Species; 
+4 Species/ 
+6 Species 


+3 


Pt203 (sesquioxide) 


+4 


PtOa'^ (palatinate) 

PtO*^(platinyl) 

Pt(OH)*' 

PtOi (piatonic oxide) 


IIIB 


Rare 
earths 


Cerium (Ce) 
— : 


+3 


Ce^"* (cerous) 
Ce203 (cerous oxide) 
Ce(OH)3 (cerous hydroxide) - 


+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 




Ce ,Ce(OH) , Ce(OH)2 , 
Ce(OH)3* (eerie) 
CeOz (eerie oxide) 


+0 


CeOs (peroxide) 


Pra seodyni 1 u 
m(Pr) 




Pr (praseodymous) 

Pi'203 (sesquioxide) 
Pr(OH)3 (hydroxide) 


+3 species/ +4 
species 




+4 


Pr^* (praseodymic) 
PrOa (dioxide) 






Neodymium 


+3 


Nd^^ 

NdjOj (sesquioxide) 


+3 Species/ -h4 
Species 




+4 


Nd02 (peroxide) 




Terbium (Tb) 


+3 


TbjOs (sesquioxide) 


+3 Species/ +4 
Species 




+4 


Tb02 (peroxide) 



15 
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lUB 



Actinid 
es 



Thorium (Th) 



Uranium (U) 



Neptunium 
(Np) 



Plutonium 
(Pu) 



Americium 
(Am) 



+4 



+6 



+6 



+8 



+5 



+6 



+8 



+3 



+4 



+5 



+6 



+3 



+4 



+5 



+6 



Th** (thoric) 

ThO*^ (thoryl) 
HThOj* (thoratc) 




ThOj (acid peroxide) 



(uranyl) 
UO3 (uranic oxide) 



HUOsMJOs'^ (peruranates) 

UO4 (peroxide) 



Np02*^ (liyponeptunyl) 
NP2O5 (pentoxide) 



Np02"^ (neptunyl) 
Np03 (trioxide) 



Np04 (peroxide) 



Pu (hypoplutonous) 



Pu (plutonous) 
PUO2 (dioxide) 



PUO2 (hypoplutonyl) 
PU2O5 (pentoxide) 



Pu02*^ (plutonyl) 
PUO3 (peroxide) 



Am (hypoamericious) 



Am (americous) 
AmOi (dioxide) 
Am(OH)4 (hydroxide) 



AmOz (hypoamericyl) 
Am203 (pentoxide) 



AmOT^Camericyl) 
Am03 (peroxide) 



+4 Species/ +6 

Species 



+6 Species/ +8 
Species 



+5 Species/ +6, 
+8 Species; 
+6 Species/ +8 
Species 



+3 Species/ +4, 
+5, -1-6 Species; 
+4 Species/ +5, 
+6 Species; 
+5 Species/ +6 
Species 



+3 Species/ +4, 
+5, +6 Species; 
+4 Species/ +5, 
+6 Species; 
+5 Species/ +6 
Species 



16 
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Table II: Elements Participating as Heteroatoms in Heteropolyanion Complex Anion Redox 
Couple Mediators 









I 


A 


Lithium (Li), Sodium (Na). Potassium (K), and Cesium (Cs) 


B 


Copper (Cu), Silver (Ag), and Gold (Au) 


II 


A 


Beryllium (Be), Magnesium (Mg), Calcium (Ca), Strontium (Sr), and Barium (Ba) 


B 


Zmc (Zii), Cadmj um (Cd), and Mercury (Hg) 


III 


A 


Boron (B), and Aluminum (Al) 


B 


Scandium (Sc), and Yttrium (Y) - {See Rare Earths) 


IV 




v^aroon Silicon [pi), Cierraanium (Ge), Tin (Sn) and Lead (Pb) 


B 


Titanium (Ti), Zirconium (Zr), and Hafnium (HO 


V 


A 


Nitrogen (N), Phosphorous (P), Arsenic (As), Antimony (Sb), and Bismuth (Bi) 


B 


Vanadium (V), Niobium (Nb), and Tantalum (Ta) 


VI 


A 


Sulfur (S), Selenium (Se), and Tellurium (Te) 


B 


Chromium (Cr), Molybdenum (Mo), and Tungsten (W) 


VII 


A 


Fluorme (F), Chlorine (CI), Bromine (Br), and Iodine (I) 


B 


Manganese (Mn), Technetium (Tc), and Rhenium (Re) 


VTII 


Period 4 


Iron (Fe), Cobalt (Co), and Nickel (Ni) 


Period 5 


Ruthenium (Ru), Rhodium (Rh), and Palladium (Pd) 


Period 6 


Osmium (Os), Iridium (Ir), and Platinum (Pt) 


IIIB 


Rare Earths 


All 



32. (Original) The process of claim 28, fiirther comprising using oxidizer species that 
are found in situ in the waste to be decomposed, by circulating the waste-anolyte mixture 
through the electrochemical cell where in an oxidized form of an in situ reversible redox couple 
is formed by anodic oxidizing or reacting with an oxidized form of a more powerful redox 
couple added to the anolyte and anodically oxidized in the electrochemical cell, thereby 
destroying the biological and organic waste materials, oxidizing Sharps I into metallic ions in 
solution in the anolyte and sterilizing Sharps 11. 

33. (Original) The process of claim 28, further comprising using an alkaline 
electrolyte selected from a group consisting of NaOH or KOH and combinations thereof, with 
the mediator oxidizing species, wherein a reduced form of a mediator redox couple has sufficient 
solubility in said electrolyte for allowing desired oxidation of Sharps I and sterilizing Sharps II 
and destroying biological and organic waste materials. 

17 
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34. (Original) The process of claim 28, wherein the oxidalion potential of redox 
reactions of the mediator oxidizing species and the biological and organic waste molecules 
producing hydrogen ions are inversely proportional to electrolyte pH, and thus with a selection 
of a mediator redox couple increasing the electrolyte pH reduces the electric potential required, 
thereby reducing electric power consumed per unit mass of the biological and organic waste 
destroyed. 

35. (Currently amended) The process of claim 28, wherein the electrolyte is an 
aqueous solution chosen from acids, alkalines^ and neutral , acid and neutral, and alkaline and 
neutral electrolytes and mixtur e s thereof 

36. (Original) The process of claim 28. wherein the adding energy comprises using 
ultrasonic energy and inducing microscopic bubble expansion and unplosion for reducing size of 
waste volumes dispersed in the anolytc. 

37. (Original) The process of claim 28, further comprising interchanging the mediator 
oxidizing species without changmg equipment, and wherein the electrolyte is an acid, neutral or 
alkaline aqueous solution. 

38. (Currently amended) The process of claim 28, wherein the treating and oxidizing 
Sharps I into motallic ions in solution in the anolyte and sterilizing Sharps II and destroying 
biological and organic waste materials comprises treating and oxidizing waste from military 
ships, submarines, destroyers, cruisers and carriers. 

39. (Currently amended) The process of claim 28, wherein the treating and oxidizing 
Sharps I into m e tallic ions in solution m tlie anolyte and sterilizing Sharps II and destroying 
biological and organic waste materials comprises treating and oxidizing waste from commercial 
ships, cruise ships, tankers, cargo ships, fishing boats, recreational craft and houseboats. 

40. (Original) The process of claim 28, further comprising separating the anolyte^ 
portion and a catholyte portion of the electrolyte with a hydrogen or hydronium ion-permeable 
membrane, microporous polymer, porous ceramic or glass frit membrane. 

4 1 . (Original) The process of claim 28, further comprising electrically energizing the 
electrochemical cell at a potential level sufficient for forming the oxidized forms of redox 
couples havmg highest oxidizing potential in the anolyte, introducing the organic waste into the 
anolyte portion, forming reduced forms of one or more reversible redox couples by contacting 
with oxidizable molecules, the reaction with which oxidizes the oxidizable material with the 

18 
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concomitant reduction of the oxidized form of the reversible redox couples to their reduced form, 
and wherein the adding energy comprises providing an ultrasonic source connected to the 
anolyte for augmenting secondary oxidation processes by momentarily heating the hydrogen 
peroxide in the electrolyte to 4800''C at 1000 atmospheres thereby dissociating the hydrogen 
peroxide into hydroxyl free radicals thus increasing the oxidizing processes. 

42. (Currently amended) The process of claim 41, further comprising oxidation 
potentials of redox reactions producing hydrogen ions are inversely related to pH[[;]]. 

43. (Original) The process of claim 28, wherein the process is performed at a 
temperature from slightly above 0°C to slightly below the boiling point of the electrolyte. 

44. (Original) The process of claim 43, wherein the temperature at which the process 
is performed is varied. 

45. (Currently amended) The process of claim 28, wherein the treating and Sharps I 
into mctollic ions in solution in the anolyte and sterilizing Sharps II and destroying biological 
and organic waste materials comprises treating and oxidizing solid waste. 

46. (Currently amended) The process of claim 28, wherein the treating and Sharps I 
into metallic ions in solution in the anolyte and sterilizing Sharps II and destroying biological 
and organic waste materials comprises treating and oxidizing liquid waste. 

47. (Currently amended) The process of claim 28, wherein the treating and Sharps I 
into ffl©trflie-ions in solution in the anolyte and sterilizing Sharps II and destroying biological 
and organic waste materials comprises treating and oxidizing a combination of liquids and solids. 

48. (Original) The process of claim 28, further comprising requiring removing and 
treating precipitates resulting from combinations of the oxidizing species and other species 
released from the biological and organic waste during destruction and sterilization. 

49. (Original) The process of claim 28, frirther comprising a catholyte portion of the 
electrolyte, and wherein the anolyte and catholyte portions of electrolyte are independent of one 
another, and comprise aqueous solutions of acids, alkali or neutral salt. 

50. (Currently amended) The process of claim 28, further comprising separating a 
catholyte portion of the electrolyte from the anolyte portion v^th a membrane, operating the 
electrochemical cell at a current density of about g r e at e r thon 0.5 amp or more p er square 
centimeter across die membrane, and near a limit over which there is the possibility tliat mediator 
™tallio anions may leak through the membrane in small quantities, and recovering the mediator 

19 
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^ ^ ^^^0 anions through a rooin colmnn , thus allowing a greater rate of destruction of materials i 
the anolyte portion. 

5 1 . (Original) The process of claim 28, wherein the catholyte solution further 
comprises an aqueous solution and the electrolyte in the solution is composed of acids, alkali or 
neutral salts of strong acids and bases, and further comprising adding oxygen to this solution 
when HNO3 or NO3" can occur in the catholyte, controlling concentration of electrolyte in the 
catholyte to maintain conductivity of the catholyte portion desired in the electrochemical cell, 
providing mechanical mixing and/or ultrasonic energy induced microscopic bubble formation, 
and implosion for vigorous mixing in the catholyte solution for oxidizing the nitrous acid and 
small amounts of nitrogen oxides NO^, introducing air into the catholyte portion for promoting 
the oxidizing of the nitrous acid and the small amounts of NOx, and diluting any hydrogen 
produced in the catholyte portion before releasmg the air and hydrogen. 

52. (Currently Amended) The process of claim 28, further comprising feeding [[t he]] 
evolving [[of]] hydrogen is f e ed to an apparatus that [[use]] uses hydrogen as a fuel (e.g.,afuol 
ooll or a hydrogon burner) . 

53-59. (Canceled) 

60. (Currently Amended) The apparatus of claim [[53]] 98, wherein the anolyto 
portion further comprisofl supor oxidizoro g e nerating inorganic fre e radicals in aqueous solutions 
are.derived from carbonate, azide, nitrite, nitrate, phosphite, phosphate, sulfite, sulfate, selenite, 
thiocyanate, chloride, bromide, and iodide species , anionG with an oxidation potGntial abov o a 
throohold valu e of 1 .7 volto at 1 molar, 25"C and pill (i. o ., Gupor oxidizor) for involving in - a 
s e condary oxidation proceog for producing oKidizcrG, and organic froo radicals for aiding the 
pror. n nfl and hr ft nlrin^ f^mim ^gliitTFi T into motnllic io n c in solution in the anol} 1;c an d th e 
biologioal and organio matorials involved with Sharps II and HI into simpler amallor molooular 
structur e biological and organic compounds . 

6 1 . (Currently Amended) The apparatus of claim [[53]] 98, further comprising an 
ultrasonic energy source within or near the anolyte chamber for producing microscopic bubbles 
and implosions for reducing in size individual second phase waste volumes dispersed in the 
anolyte. 

62. (Currently Amended) The apparatus of claim [[53]] 98, wherein the membrane is 
made of microporous polymer, porous ceramic or glass frit. 

20 
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63. (Currently Amended) The apparatus of claim [[53]] 98> further comprising an AC 
source for impression of an AC voltage upon the DC voltage to retard the formation of cell 
performance limiting surfece films on the electrodes. 

64. (Currently Amended) The apparatus of claim [[53]] 98, further comprising an air 
sparge connected to the catholyte reservoir, whereby oxygen contained in the air oxidizes nitrous 
acid and the small amounts of nitrogen oxides (NOx), produced by cathode reactions when HNO3 
or NOa" salts are present in the catholyte. 

65. (Currently Amended) The apparatus of claim [[53]] 98, wherein each of the 
oxidizing species has normal valence states in reduced forms of redox couples and higher 
valence oxidizing states oxidized forms of redox couples of the oxidizing species created by 
stripping and reducing electrons off normal valence state species in the electrochemical cell. 

66. (Currently Amended) The apparatus of claim [[53]] 98, wherein the anolyte 
portions are alkaline solutions and oxidation potentials of redox reactions producing hydrogen 
ions are inversely related to pH, which reduces the electrical power required to oxidize Sharps I 
into metallic ions in solution in the anolyte and sterilizing Sharps 11 and destroying the biological 
and organic waste. 

67. (Currently Amended) The apparatus of claim [[53]] 98, wherein the oxidizing 
species attack specific organic molecules while operating at temperatures sufficiently low so as 
to preventing the formation of dioxins and furans. 

68. (Currently Amended) The apparatus of claim [[53]] 98, wherein the power supply 
energizes the electrochemical cell at a potential level sufficient to form the oxidized form of the 
redox couple having the highest oxidation potential in the anolyte, and further comprising a heat 
exchanger connected to the anolyte chamber for controlling temperature between 0°C and 
slightly below the boiling temperature of the anolyte with the heat exchanger before the anolyte 
enters the electrochemical cell enhancing the generation of oxidized forms of the anion redox 
couple mediator, and adjusting the temperature of the anolyte to the range between 0°C and 
slightly below the boiling temperature when entering the anolyte reaction chamber, 

69. (Currently Amended) The apparatus of claim [[53]] £8, wherein the oxidizing 
species are one or more Type I isopolyanion complex anion redox couple mediators containing 
tungsten, molybdenum, vanadium, niobium, tantaliun, or combinations thereof as addenda atoms 
in aqueous solution; 
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70. (Original) The apparatus of claim 69, wherein the oxidizing species are one or 
more Type I heteropolyanions formed by incorporation into the isopolyanions, as heteroaloms, of 
the elements listed in Table II, either singly or in combination thereof. 

71 . (Currendy Amended) The apparatus of claim [[53]] 98, wherein the oxidizing 
species are one or more heteropolyanions containing at least one heteroatom type element 
contained in Table I and Table II, 

72. (Currently Amended) The apparatus of claim [[53]] 98, wherein the oxidizing 
species are higher valence state of species found in situ for destroying of Sharps I into motollio 
ions in solution in the anolyte and the sterilizing of Sharps and the destroying of biological and 
organic waste materials. 

73. (Currently Amended) The apparatus of claun [[53]] 98, wherein the waste 
material contains pharmaceutical materials in the biological and organic materials on the Sharps 
I and II. 

74. (Currently Amended) The apparatus of claim [[53]] 98, wherein the membrane is 
hydrogen or hydronium ion semi permeable or ion-selective , microporous polymer, porous 
ceramic or glass frit membrane for separating the anolyte portion and the catholyte portion while 
allowing hydrogen or hydronium ion passage from the anolyte to the catholyte. 

75. (Currently Amended) The apparatus of claim [[53]] 98, wherein oxidation 
potentials of redox reactions producing hydrogen ions are inversely related to pH, the biological 
and organic waste is liquid or solid, or a combination of liquids and solids, and the oxidizing 
species are interchangeable without changing other elements of the apparatus. 

76. (Currently Amended) The apparatus of claim [[53]] 98, further comprising an 
ultraviolet source connected to the anolyte chamber for decomposing hydrogen peroxide and 
ozone into hydroxyl free radicals as secondary oxidizers and increasing efficiency of the process 
by recovering energy through the oxidation of the materials in the anolyte chamber by the 
secondary oxidizers. 

77. (Currendy Amended) The apparatus of claim [[53]] 98, further comprising an 
ultrasonic source connected to the anolyte for augmenting secondary oxidation processes by 
irradiating the anolvte h e ating hydrngon pnrnviHn r . nntnining n^nntrol^rto to 1800°C, at 100 0 
atmoGphoroG for dissociating hydrogen peroxide into hydroxyl free radicals and thus increasing 
concentration of oxidizing species and rate of waste destruction and for irradiating coll 
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mombranes in biological matcrialg to momontarily raio o th e tcmporature within tho ooU 
m e mbranos to abovo i 3ovoral thouGand dogrcos, causing ooll mombrane failuro, and oroating 
groator o?cposuro of coll contents to oxidizing species in tho onolyto . 

78. (Currently Amended) The apparatus of claim [[53]] 98, further comprising use of 
ultrasonic energy, via the ultrasonic energy source communicating with the anolyte for inducing 
microscopic bubble unplosions to affect a reduction in size of the individual second phase waste 
volumes dispersed in the anolyte. 

79. (Currently Amended) The apparatus of claim [[53]] 98, further comprising an 
anolyte reaction chamber holding most of the anolyte portion and a foraminous basket, a 
penetrator attached to the basket to puncture solids increasing the exposed area, and furdier 
comprising an external CO2 vent connected to the reaction chamber for releasing CO2 into the 
atmosphere, a hinged lid attached to the reaction chamber allowing insertion of waste into the 
anolyte portion as liquid, solid, or mixtures of liquids and solids, an anolyte pump connected to 
the reaction chamber, an inorganic compounds removal and treatment system connected to the 
anolyte pump for removing chlorides, and other precipitate forming anions present in the 
biological and organic waste being processed, thereby precluding formation of unstable 
oxycompounds. 

80. (Original) The apparatus of claim 79, further comprising an oflP-gas cleaning 
system, comprising scrubber/absorption columns connected to the vent, a condenser connected to 
the anolyte reaction chamber, whereby non-condensable incomplete oxidation products, low 
molecular weight organics and carbon monoxide are reduced to acceptable levels for 
atmospheric release by the gas cleaning system, and wherein the anolyte off-gas is contacted in 
the gas cleaning system wherein the noncondensibles from the condenser are introduced into the 
lower portion of the gas cleaning system through a flow distribution system and a small side 
stream of freshly oxidized anolyte direct from the electrochemical cell is introduced into the 
upper portion of the column, resulting in a gas phase continuously reactmg with the oxidizing 
mediator species as it rises up the column past the down flowing anolyte, and external drain, for 
draining to an organic compound removal system and the inorganic compounds removal and 
treatment system, and for draining the anolyte system, wherein the organic compounds recovery 
system is used to recover biological materials that are benign and do not need further treatment, 
and biological materials that will be used in the form they have been reduced. 
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8 1 . (Original) The apparatus of claim 79, further comprising thermal control units 
connected to heat or cool the anolyte to a selected temperature range when anolyte is circulated 
into the reaction chamber through the electrochemical cell by pump on the anode chamber side 
of the membrane, a flush for flushing the anolyte, and a filter is located at the base of the reaction 
chamber to limit the size of exiting solid particles to approximately 1mm in diameter. 

82. (Currently Amended) The apparatus of claim [[53]] 9&, wherein the dkect current 
for the electrochemical cell is provided by a DC power supply, which is powered by an AC 
power supply, and wherein the DC power supply is low voltage high current supply operating at 
or below 1 OV DC and th e AC power supply operatoo off an about 1 IQv AC Imc for tho omallor 
ttnits and about 240v AC for larg e r units . 

83. (Currently Amended) The apparatus of claim [[53]] 98, further comprising an 
electrolyte containment boundary composed of materials resistant to the oxidizing electrolyte 
selected firom a group consistmg of stainless steel, PTFE, PTFE lined tubing, glass and ceramics, 
and combinations thereof. 

84. (Currently Amended) The apparatus of claim [[53]] 98, further comprising an 
anolyte recovery system connected to a catholyte pump, a catholyte reservoir connected to the 
cathode portion of the electrochemical cell, a thermal control unit connected to the catholyte 
reservoir for varying the temperature of the catholyte portion, a bulk of the catholyte portion 
being resident in a catholyte reservoir, wherein the catholyte portion of the electrolyte flows into 
a catholyte reservoir, and further comprising an air sparge connected to the catholyte reservoir 
for introducing air into the catholyte reservoir. 

85. (Original) The apparatus of claim 84, further comprising an anolj^e recovery 
system for capturing the anions and for reintroducing the anions into the anolyte chamber upon 
collection from the catholyte electrolyte, an off-gas cleaning system connected to the catholyte 
reservoir for cleaning gases before release into the atmosphere, and an atmospheric vent 
connected to the off-gas cleaning system for releasing gases into the atmosphere, wherein 
cleaned gas from the off-gas cleaning system is combined with unreacted components of the air 
introduced into the system and discharged through the atmospheric vent 47. 

86. (Original) The apparatus of claim 84, further comprising a screwed top on the 
catholyte reservoir to facilitate flushing out the catholyte reservoir, a mixer comiected to the 
catholyte reservoir for stirring the catholyte, a catholyte pump connected to the catholyte 
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reservoir for circulating catholyte back to the electrochemical cell, a drain for draining catholyte, 
a flush for flushing the catholyte system, and an air sparge comiected to the housing for 
introducing air into the catholyte reservoir, wherein the catholyte portion of the electrolyte is 
circulated by pump through the electrochemical cell on the cathode side of the membrane, and 
wherem contact of oxidizing gas with the catholyte portion of the electrolyte is enhanced by 
promoting gas/liquid contact by mechanical and/or ultrasonic mixing. 

87. (Currently Amended) The apparatus of claim [[53]] 98, wherein the 
electrochemical cell is operated at high membrane current densities above about 0.5 amps/cm^ 
for increasing a rate of waste destruction, also results in increased mediator ion transport through 
the membrane into the catholj^e, and further comprising an anolyte recovery system positioned 
on the catholyte side, air sparging on the catholyte side to dilute and remove off-gas and 
hydrogen, wherein some mediator oxidizer ions cross the membrane and are removed through 
the anolyte recovery system to maintain process efficiency or cell operability. 

88. (Cun-ently Amended) The apparatus of claim [[53]] 98, further comprising a 
controller, a microprocessor, a monitor and a keyboard connected to the cell for inputting 
commands to the controller through the keyboard responding to the information displayed on the 
monitor, a program in the controller sequencing the steps for operation of the apparatus, program 
having pre-programmed sequences of operations the operator follows or chooses other sequences 
of operations, the controller allows the operator to select sequences within Hmits that assure a 
safe and reliable operation, the controller sends digital commands that regulate electrical power 
to pumps, mixers, thermal controls, ultraviolet sources, ultrasonic sources, CO2 vents, air sparge, 
and the electrochemical cell, the controller receives component response and status from the 
components, the controller sends digital commands to the sensors to access sensor information 
through sensor responses, sensors in the apparatus provide digital information on the state of 
components, sensors measure flow rate, temperature, pH, CO2 venting, degree of oxidation, and 
air sparging, the controller receives status information on electrical potential across the 
electrochemical cell or individual cells in a multi-cell configuration and between the anodes and 
reference electrodes internal to the cells and the current flowing between the electrodes within 
each cell. 

89. (Original) A organic waste destruction system, comprising a housing constructed 
of metal or high strength plastic surrounding an electrochemical cell, with electrolyte and a 
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forarainous basket, an AC power supply with a power cord, a DC power supply connected to the 
AC power supply, the DC power supply providing direct current to the electrochemical cell, a 
control keyboard for input of commands and data, a monitor screen to display the systems " ' 
operation and functions, an anolyte reaction chamber with a basket, status lights for displaying 
information about the status of the treatment of the organic waste material, an air sparge for 
introducing air into a catholyte reservoir below a surface of a catholyte. a CO2 vent incorporated 
into the housing to allow for CO2 release from the anolyte reaction chamber, an atmospheric vent 
facilitating the releases of gases into the atmosphere from the catholyte reservoir, a hinged lid for 
opening and depositing the organic waste in the basket in the anolyte reaction chamber, a 
locking latch comiected to the hinged lid. and in the anolyte reaction chamber an aqueo,ls acid, 
alkali, or neutral salt electrolyte and mediated oxidizer species solution in which an oxidizer ' 
form of a mediator redox couple initially may be present or may be generated electrochemically 
after introduction of the waste and application of DC power to the electrochemical cell . 

90. (Original) The system of claim 89, wherein the waste is introduced when the 
anolyte is at room temperature, operating temperature or intennediate temperature, and the 
organic waste material is rapidly oxidized at temperatures below boiling point of anolyte at 
ambient pressure, and further comprising a pump circulating an anolyte portion of an electrolyte, 
an in-line filter preventing solid particles large enough to clog electrochemical cell flow paths 
from exiting the reaction chamber, an inorganic compound removal and treatment system and 
drain outlets comiected to the anolyte reaction chamber, whereby residue is pacified in the form 
of a salt and may be periodically removed, and a removable top connected to a catholyte 
reservoir allowing access to the reservoir for cleaning and maintenance. 

91. (Original) A organic waste oxidizing process, comprising an operator engaging an 
•ON* button on a control keyboard, a system controller which contains a microprocessor, runniiig 
a program and controllmg a sequence of operations, a monitor screen displaying process steps in 
proper sequence, status lights on the panel providing status of the process, opening a lid and 
placing the organic waste in a basket as a liquid, solid, or a mixture of liquids and solids, 
retaining a solid portion of the waste and flowing a liquid portion through the basket and into an 
anolyte reaction chamber, activating a locking latch after the waste is placed in the basket, 
activating pumps which begins circulating the anolyte and a catholyte. once the circulating is 
established throughout the system, operating mixers, once flow is established, turning on thermal 
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control units, and initiating anodic oxidation and electrolyte heating programs, energizing an 
electrochemical cell to electric potential and current density determined by the controller 
program, using programmed electrical power and electrolyte temperature ramps for maintaining 
a predetermined waste destruction rate profile as a relatively constant reaction rate as mor^ 
reactive waste components are oxidized, thus resulting in the remaining waste becoming less and 
less reactive, thereby requiring more and more vigoit>us oxidizing conditions, activating 
ultrasonic and ultraviolet systems in the anolyte reaction chamber and catholyte reservoir, 
releasing CO2 from the biological and organic waste oxidizing process in the anolyte reaction 
chamber, activating air sparge and atmospheric vent in a catholyte system, monitoring progress 
of the process in the controller by cell voltages and currents, monitoring CO2. CO, and O2 gas 
composition for CO2. CO and oxygen content, decomposing the organic waste into water and 
CO2, the latter being discharged out of the CO2 vent, air sparging drawing air into a catholyte 
reservoir, and discliarging excess air out of an atmospheric vent, determining with an oxidation 
sensor that desired degree of waste destruction has been obtained, setting the system to standby, 
and executing system shutdown using the controller keyboard system operator. 

92, (Original) The process of claim 91 , further comprising placing tlie system in a 
standby mode during the day and adding organic waste as it is generated throughout the day, 
placing the system in foil activation during non-business hours, operating the system at low 
temperature and ambient atmospheric pressure and not generating toxic compounds during the 
oxidation of Sharps 1 into metallic ions in solution in the anolyte and sterilizing of sharps II and 
the destroying of the biological and organic waste, making the process indoors compatible, 
scaling the system between units small enough for use by a single practitioner and units large 
enough to replace hospital incinerators, releasing CO2 oxidation product from the anolyte system 
out through the CO2 vent, and venting off-gas products from the catholyte reservoir through the 
atmospheric vent. 

93. (Original) The process of claim 91 , further comprising introducing the waste into 
a room temperature or cooler system with little or none of the mediator redox couple in the 
oxidizer form, depending upon reaction kinetics, heat of reaction and similar waste 
characteristics. 



27 

PAGE 37/98 ' RCVD AT VZiaOOt 5:41 :09 PM [Eastern Daylight Time] * 8VR:U8PTO-EFXRF-ef11 * DNI8:2738300 * C8ID:703 448 7397 * DURATION <mm^S):S2-02 



Jun 23 08 05:04p 



J C URHY 



703 448-7397 



p. 38 



94. (New) The system of claim 89, wherein the system is room temperature or cooler 
with little or none of the mediator redox couple in the oxidizer form, depending upon reaction 
icinetics, heat of reaction and similar waste characteristics. 

95. (New) A process for treating and oxidizing Sharps I and sterilizing Sharps II 
and waste materials comprising disposing an electrolyte in an electrochemical cell, separating 
the electrolyte into an anolyte portion and a catholyte portion with an ion-selective 
membrane, semipermeable membrane, microporous polymer, poix>us ceramic, or glass frit, 
applying a direct current voltage between the anolyte portion and the catholyte portion, 
placing the sharps and waste in the anolyte portion, and oxidizing the Shaips I into metallic 
ions in solution in the anolyte, sterilizing Sharps II. and waste in the anolyte portion with a 
mediated electrochemical oxidation (MEO) process, wherein the anolyte portion further 
comprises oxidizing species as a mediator in aqueous solution and the electrolyte is an acid, 
neuteal or alkaline aqueous solution, and wherein the mediator oxidizing species are selected 
from ihe group consisting of (a.) simple ion redox couples described in Table I as below; (b.) 
Type I isopolyanions complex anion redox couples formed by incorporation of elements in 
Table I or mixtures thereof as addenda atoms; (c.) Type I heteropolyanions complex anion 
redox couples formed by incorporation into Type I isopolyanions as heteroatoms any element 
selected from the group consisting of the elements listed in Table II either singly or in 
combination thereof, or (d.) heteropolyanions complex anion redox couples containing at 
least one heteroatom type element contairied in both Table I and Table II below or (e.) 
combinations of the mediator oxidizing species from any or all of (a.), (b.), (c). and (d.) 



Table I: Simple Ion Redox Couples 















I 


A 


None 










B 


Copper (Cu) 


+2 


Cu"^ (cupric) 

HCu02(bicuprite) 
Cu02'^ (cuprite) 


+2 Species/ +3, +4 
Species; 

+3 Species/ +4 Species 








+3 


Cu*" 

Cu02"(cuprate) 
CU2O3 (sesquioxide) 










+4 


CUO2 (peroxide) 








Silver (Ag) 


+1 


Ag* (argentous) 


+1 Species/ +2, +3 
Species; 
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Gold (Au) 



II 



Magnesium 
(Mg) 



Calcium 
(Ca) 



Strontium 



Barium (Ba) 



+2 



+3 



+ 1 



+3 



+4 



+2 



+4 



+2 



+4 



+2 



+4 



+2 
+4 



AgO'Cargentite) 
Ag" (argentic) 
AgO^(argentic oxide) 



Ago (argentyl) 
AgzOa (sesquioxide) 



Au* (aureus) 



Au ^ (auric) 
AuO'(auryl) 
H3Au03" (auric acid) 
HjAuO/ (monoauarate) 
HAu03-^(diaurate) 
AuOa*^ (triaurate) 
AU2O3 (aunc oxide) 
Au(0H)3 (auric hydroxide) 



Au02 (peroxide) 



Mg (magnesic) 



M ^02 (peroxide) 



Ca 



Ca02 (peroxide) 



+2 Species/ +3 Species 



+ 1 Species/ +3, +4 
Species; 

+ 3 Species/ +4 Species 



+2 Species/ +4 Species 



Sr02 (peroxide) 



Bar 

BaOi (peroxide) 



+2 Species/ +4 Species 



+2 Species/ +4 Species 



+2 Species/ -M Species 
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rii 



Mercujy 
(Hg) 



Boron 



Thallium 
(TO 



B 



See Rare 
Barths and 
Actifiides 



+2 



+4 



+3 



+4.5 



+5 



+ 1 



+3 



+3.33 



ZnOz (peroxide) 
Hg^ (mercuric) 



Hg (0H)2 (mercuric 
hydroxide) 
HHgQ;' (mercurate) 
Hg02 (peroxide) 



H3BO3 (orthoboric acid) 



H2BO3", HBO3 ^ BO3-' 

(orthoborates) 

BO2" (metaborate) 

H2B4O7 (tetraboric acid) 

HB407yB407*^ 

(tetraborates) 

BjO^-^Cdiborate) 

" (hexaborate) 



B2O5' (diborate) 



B037B02"*H20 
(perborate) 
Tl^^(thaUous) 



TV (thallic) 

TIO", T10H*^ Tl(OH)2* 
(thallyl) 

TI2O3 (sesquioxide) 
Tl(OH)3 (hydroxide) 



TI3O3 (peroxide) 



+2 Species/ 
+4 Species 



+3 Species/ 
+4.5, +5 
Species 



+1 Species/ 
+3 or +3.33 
Species; 
+3 Species/ 
+3.33 Species 



30 



PACE 40/98 " RCVD AT 6/23/2008 5:41:09 PM [Eastern Daylight Time] " SVR:USPTO-EFXRF-6/1 1 " DNIS:2738300 * CSID:703 448 7397 * DURATION <min-ss):52-02 



Jun 23 08 G5:05p 



J C URHY 



703 448-7397 



p. 41 




Germanium 
(Ge) 



+5 



+6 



+4 



Tin (Sn) 



Uad (Pb) 



+6 
+4 



+2 



+2.67 



IV 



Lead (Pb) 



+3 



+4 



HCO3* (bicarbonate) 
C03*^ (carbonate) 



H2C2O6 (perdicarbonic acid) 



H2CO4 (permonocarbonic acid) 



H2Ge03 (germanic acid) 

HGeOa* (bigermaniate) 
GeOj*^ (germinate) 
Ge** (germanic) 

H2Ge205 (digermanic acid) 
H2Ge409 (tetragermanic acid) 
H2Ge50n (pentagermanic acid) 
HGesOi i' (bipentagermanate) 



+4 Species/ 
■^5, +6 Species 



+4 Species/ 
+6 Species 



GejOiT (pentagermanatc) 



Sn"* (stannic) 



HSnOj" (bistannate) 
SnOi^ (stannate) 
Sn02 (stannic oxide) 
Sn(0H)4 (stannic hydroxide) 
SnO^' (perstannate) 



Pb* (plumbous) 
HPb02"(bipIumbite) 



+4 Species/ 
+7 Species 



PbOH^ 

PhOi ' (plumbite) 



PbO (plumbus oxide) 



Pb304 (plumbo-piumbic oxide) 



+2, +2:67, +3 

Species/+4 

Species 



Pb203 (sequioxide) 



Pb^ (plumbic) 



PbOf (metap I u mbate) 



HPb03'(acid metaplumbate) 
Pb04"^ (orthoplumbate) 



PbOz (dioxide) 



+2. +2.67, +3 

Species/+4 

Species 
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A 



+6 



Zirconium 
(ZD 



+4 



+5 



+6 



Hafhium 
(HO 

0 



Nitrogen 



+7 



+4 



+6 



+5 



+7 



Phosphorus 
(P) 



Phosphorus 
(P) 



+5 



+6 



+7 



HTi04' titanate) 
Ti02 (dioxide) 



Ti02^^ (pertitanyl) ~ 
HTi04" (acid pertitatiate) 
Ti04~^ (pertitanate) 
TiOj (peroxide) 



Zr (zirconic) 

ZrO*^ (zirconyj) 
HZrO^" (zir conate) 
Zr205 (pentoxide) 



ZrOj (peroxide) 



Zr207 (heptoxide) 



HrChafiiic) 
HfO^hafhyl) 



HfDs (peroxide) 
HNO3 (nitric acid) 

NO3" (nitrate) 



HNQ4 (pemitric acid) 



+4 Species/ 
+6 Species 



+4 Species/ +5, 
+6, +7 Species 



+4 Species/ 
+6 Species 



H3P04(orthophosphoric acid) 

H7PO4' (monoorthophosphate) 
HP04'^ (diorthophosphate) 
P04"^ (trioithophosphate) 
HPO3 (metaphosphoric acid) 
H4P2O7 (pryophosphoric acid) 
H5P3O10 (triphosphoric acid) 
H^P40i3 (tetraph osphoric acid) 
H4P2O8 (perphosphoric acid) 



H3PO5 (monoperphosphoric acid) 



+5 species/ 
+7 Species 



+5 Species/ 
+6, +7 species 



+5 Species/ 
+6, +7 Species 
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Arsenic (As) 



Bismuth 
(Bi) 



+7 



+3 



+3.5 



+4 



B 



Vanadium 
(V) 



+5 



+5 



+7 



+9 



H3ASO4 (ortho-arsenic acid) 



H2ASO4* (mono ortho-arsenate) 
HAaO^^ (di-ortho-arsenate) 
As04"^ (tri-ortho-arsenate) 
AsOa^ (arsenyl) 



AsOj"^ (perarsenyi) 



Bi^^ (bismuthous) 

BiOH*^^ (hydroxybtsrtiuthous) 
BiO^ (bismuthyl) 
BiQa" (metabismuthite) 



Bi407 (oxide) 



Bi204 (tetroxide) 



Bi03* (metabismuthite) 
BizOj (pentoxide) 



VOj^ (vanadic) 

H3 V2O7" (pyrovanadate) 
H2V0d" (orthovanadate) 
VOa" (metavanadate) 
HV04"^ (orthovanadate) 
V04*^ (oithovanadate) 
V2O5 (pentoxide) 
H4V2O7 (pyrovanadic acid) 
HVO3 (metavanadic acid) 
H4V6O17 (hexavanadic acid) 



V04" (pervanadate) 



VQ5" (hypervanadate) 



+5 Species/ 
+7 species 



+3 Species/ 
+3.5. +4, +5 
Species 



+5 Species/ 
+7, +9 Species 
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Niobium 
(Nb) 



Tantalum 
(Ta) 



Sulfur (S) 



Selenium 
(Se) 



Tellurium 
(Te) 



Polonium 
(Po) 



+7 



+5 



+7 



+6 



+7 



+8 



+6 



+7 



-^6 



+7 



+2 



+4 



+6 



(oithoniobate) 
^hOs (pentoxide) 
HNbOa (niobid ac id) 
Nb04" (pemiobate) 
Nb207 (pemiobic oxide) 
HNb04 (pemiobic acid) 



TaOj (metatantalate) 

Ta04"^ (orthotanatalate) 

TaaOj (pentoxide) 
HTaOi (tantalic acid) 



Ta04*(pentantaJate) 
Ta207 (pertantalate) 
HTaQ4'H20 (pertantalic acid) 



HzSO^ (sulfuric acid) 

HS04'(bisulfate) 
SO^^ (sulfate) 



(dipersulfate) 



H2S05 (momopersul furic acid) 
H2Se204 (selenic acid) 



HSe04" (biselenate) 
Se04"^ (selenate) 



+5 Species/ +7 
species 



+5 species/ +7 
species 



+6 Species/ +7, 
+8 Species 



+6 species/ +7 
Species 



H2SC2O8 (perdiselenic acid) 



H2Te04 (telluric acid) 

HTe04" (biteUurate) 
Te04*^ (tellurate) 



H2Te208 (perditellenic acid) 
Po'*'^ (polonous) ' 



+6 species/ +7 
species 



P0O3"-' (polonate) 



P0O3 (peroxide) 



+2, i 4 species/ 
+6 Species 



34 



PACE 44/98 * RCVD AT 6/23/2008 5:41:00 PM [Eastern Daylight Time] * 8VR:USPTO-EFXRF-6/1 1 * DNI8:2738300 * C8ID:703 448 7307 * DURATION (mm-ss):S2-02 



Jun 23 08 05:08p 



J C URnV 



703 448-7397 



45 




+4 



+6 



Molybdenum 
(Mo) 



+6 



Tungsten 
(W) 



+7 



+6 



+8 



VU 



ChJoriae(Cl) -1 



+1 



+3 



+5 



+7 



CrOH^^ Cr(OH)/ (chromyls) 



Cr02; CrOj'^ (chromites) 
Cr203 (chromic oxide) 
Cr(QH)3 (chromic hydroxide) 



Cr02 (dioxide) 
Cr(0H)4 (hydroxide) 



H2Cr04 (chromic acid) 
HCr04' (acid chromate) 
Cr04"^ (chromate) 
Cr207"^ (dichro mate) 
HMo04' (bimolybhate) 

Mo04"^ (molydbate) 
M0O3 (molybdic trioxide) 
H2M0O4 (molyboi ic acid) 
M0O4" (permolybdate) 



W04'^tungstic) 

WO3 (trioxide) 
H2WO4 (tungstic acid ) 
^Os'^ (periungstic) '' 
H2WQ3 (pertungs dc acid) 
Cr (chloride) 



HCIO (hypochlorous acid) 
CIO' (hypochlorite) 



HCIO2 (chlorous acid) 

Ci02* (chlorite) 



HCIO3 (chloric acid) 
CIO3' (chlorate) 



HCIO4 (perchloric acid) 
C104-, HCIO5 ^ C\Oi\ CI2O9 
(perchlorates) 



+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 



4-6 Species/ 
+7 Species 



+6 Species/ 
+8 Species 



-1 Species/ +1, 
+3, +5, +7 
Species 



+1 Species/ +3, 
+5, +7 Species; 
+3 Species/ 
+5, +7 Species; 
+5 Species/ 
+7 Species 
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Bromine (Br) 



Iodine 



Manganese 
(Mn) 



+1 



+3 



+5 



+7 



+1 



+3 



+5 



+7 



+2 



+3 



+4 



+6 



+7 



Br' (bromide) 



HBrO (hypobromous acid) 
BrO" (hypobroraitee) 



"1 Species/+i, 
+3, +5. +7 
Species; 



HBr02 (bromous acid) 
Br02' (bromite) 



HBrOj (bromic acid) 
BrOs" (bromate) 



HBr04 (perbromic acid) 
BrO^', HBrOj ^ BrOs'\ BrjO/ 
(prcbrom ates) 
r (iodide) 



■^-1 Species/+3, 
+5, +7 Species; 
+3 Species/ +5, 
+7 Species; 
+5 Species/ +7 
Species 



HFO (hypoiodus acid) 
10" (hypoiodite) 



-1 Species/+U 
+3, +5, +7 
Species; 



rn 02 (iodous acid) 
IO2' (iodite) 



HIO3 (iodic acid) 
lOj" (iodate) 



+1 Species/+3, 
+5, +7 Species; 
+3 Species/ +5, 
+7 Species; 
+5 Species/ -1-7 
Species 



HI04 (periodic acid) 
104-, HJO3 ^ lOs-\ 1209^ 
(periodates) 



Mh"^ (raanganeous) 
HMnOz' (dimanganite) 



Mn^"* (manganic) 



Mn02 (dioxide) 



Mn04'^ (manganate) 



+2 Species/ +3, 
+4, +6, +7 
Species; 
+3 Species/ +4, 
+6, +7 Species; 
+4 Species/ +6, 
+7 Species; 
+6 Species/ +7 
Species 



Mn04" (permanganate) 
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Fe* (ferrous) 
HFe02 (dihypoferrite) 



vin 



Period 4 



Iron (Fe) 



Cobalt (Co) 



Nickel (Ni) 



+3 



+4 



+5 



+6 



+2 



+3 



+4 



+2 



+3 



+4 



+6 



Fe"^ (ferric) 
Fe(OH)*^ 
Fe(OH)2^ 
Fe02''(ferrite) 
FeO"^ (ferryl) 

FeOa'^ (perferrite) 



FeO/ (perferryl) 



FeO^'^ (ferrate) 



Co^^(cobalous) 
HC0O2* (dicobaltite) 



Co"-' (cobaltic) 
C02O3 (cobaltic oxide) 



CoOa (peroxide) 
H2CQO3 (cobaltic acid) 



Ni'^^ (nickeloiis) 
NiOlT 

HNi02"(dinickelite) 
NiQ;"^ (nickeiite) 



Ni"^ (nickelic) 
NizOg (nickelic oxide) 



NiOa (peroxide) 
Ni04-^ (nickelate) 



+2 Species/+3, 

+4, +5, +6 
Species; 



+3 Species/+4, 
+5, +6 Species; 



+4 Species/ 
+5, +6 Species; 
+5 Species/ 
+6 Species 



+2 Species/ 
+3, +4 Species; 
+3 Species/ 
+4 Species 



+2 Species/ +3, 
+4, +6 Species; 
+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 
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Rhodium 
(Rh) 



Palladium 



+3 



+4 



+5 



+6 



+7 



+8 



+1 



+2 



+3 



+4 



+6 



+2 



+3 



+4 



+6 



RU2O3 (sesquioxide) 



Ru(OH)3 (hydroxide) 



Ru (mthenic) 

RUO2 (ruthenic dioxide) 

Ru(OH)4 (ruthenic hydroxide) 



Ru2Q3 (pentoxide) 



+2 Species/ +3, 
+4, +5, -f6. 4-7, 
+8 Species; 
+3 Species/ +4, 
+5, +6, +7, +8 
Species; 
+4 Species/ 
+5, +6. ^-7, +8 
Species; 
+5 Species/ +6, 
+7, +8 Species; 
+6 Species/ 
+7, +8 Species; 
+7 Species/ 
+8 Species 



Ru04'^ (ruthenate) 
RuOz*^ (ruthenyl) 
RuOj (trioxide) 



RuQ^" (perruthenate) 



H2RUO4 (hyperuthenic acid) 
HRuOs" (diperruthenate) 
RUO4 (ruthenium tetroxide) 



Rh (hyporhodous) 



Rh^^ (rhodous) 



Rh"' (rhodic) 
Rh203 (sesquioxide) 



Rh02 (rhodic oxide) 
Rh(0H)4 (hydroxide) 



Rh04"' (rhodate) 
RhOs (trioxide) 



Pd^ (palladous) 
?dO{^ (palladite) 



PdjO^ (sesquioxide) 



+ 1 Species/-»-2, 
+3, +4, -f^ 
Species; 
+2 Species/ +3, 
+4, +6 Species; 
+3 Species/ +4, 
+6 Species; 
+4 Species/ +6 
Species 



Pd O,-^ (palladatc) 
PdOz (dioxide) 
Pd{OH)4 (hydroxide) 



PdOs (peroxide) 



+2 Species/ +3, 
+4. +6 Species; 
+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 
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+4 



+6 



Platinum 
(Pt) 



IlIB 



Rare 
earths 



Cerium (Ce) 



+2 



+3 



+4 



+4 



+6 



Praseodymiu 
m(Pr) 



+3 



Neodymium 



+4 



+3 



Terbium (Tb) 



+4 



+3 



+4 



IraOj (iridium sesquioxide) 
Ir(OH)3 (indium hydroxide) 



Ir02 (iridic oxide) 
Ir (0H)4 (iridic hydro xide) 
Ir04"^(iridate) 
IrOj (iridium peroxide) 
Pt (piatinous) 



+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 



PtaOa (sesquioxide) 



PtOg'^ (palatinate) 

PtO^^(platinyl) 

Pt(OH)*' 

Pt02 (platonic oxide) 



Ce^-* (cerous) 
Ce203 (cerous oxide) 
Ce(0H)3 (cerous hydroxide) 



+2, +3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 



Ce ", Ce(OH)"^ Ce(OH)2'^ 
Ce(0H)3* (eerie) 
Ce02 (eerie oxide) 
CeOg (peroxide) 



Pr"^* (praseodymous) 

Pr203 (sesquioxide) 
Pr(0H)3 (hydroxide) 



+3 Species/ 
+4, +6 Species; 
+4 Species/ 
^ 6 Species 



Pr^" (praseodymic) 
PrOa (dioxide) 



NdzOa (sesquioxide) 



+3 species/ +4 
species 



NdO, (peroxide) 



Tb^ 

TbaOj (sesquioxide) 



TbOj (peroxide) 



+3 Species/ +4 
Species 



+3 Species/ +4 
Species 
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Uraaium (U) 



Neptunium 
(Np) 



Plutonium 
(Pu) 



Americium . 
(Am) 



+6 



Th0^2(thoryl) 
HThOj(thorate) 



+6 



H-8 



+5 



+6 



+8 



+3 



+4 



+5 



+6 



+3 



+4 



+5 



+6 



ThO; (acid per oxide) 
UOj"^ (uranyl) 



+4 Species/ +6 
Species 



UO3 (uranic oxide) 
HUOs", UO3' (peruranates) 
UO4 (peroxide) 
NpOj"^ (hyponeptunyO 

NP2O5 (pentoxide) 



NpOz^^ (neptunyl) 
NpOj (trioxide) 



Np04 (peroxide) 

Pu (hypoplutonous) 



Pu (plutonous) 

PUO2 (dioxide) 

Pu02^ (hypoplutonyl) 
P"205 (pentoxide) 



Pu(V^(plutonyl) 
PUO3 (peroxide) 



Am (hypoamericious) 



Am^ (americous) 
Am02 (dioxide) 
Am(OH)4 (hydroxide) 



Am02* (hypoamericyl) 
Ain20j (jpentoxide) 



AraOz*"^ (americyl) 
AmOs (peroxide) 



+6 Species/ +8 
Species 



+5 Species/ +6, 
+8 Species; 
+6 Species/ +8 
Species 



+3 Species/ +4, 
+5, +6 Species; 
-f-4 Species/ +5, 
+6 Species; 
+5 Species/ +6 
Species 



+3 Species/ +4, 
+5, +6 Species; 
+4 Species/ +5, 
+6 Species; 
+5 Species/ +6 
Species 
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SMeSSr ''"'"'^ ^ ^VO>y^o. CompI« Ado„ Redo. 




II 



III 



IV 



B 



Copper (Cu), Siiver (Ag), and Gold (Au) 
oeo..,um(Be), Magnes.uni(Mg), Calcium (Ca). Stxonti.n. r..^ ...^ - 

Zinc (Zn), Cadmium (Cd), and Mercury (Kg) 



Boron (B), and Aluminum (Al) 



VI 



VII 



B 



scandium (So), and Yttrium (Y) - (See Rare Earthl) 

Carbon (C), Silicon (Si), Germanium (Ge), Tin (Sn) and Lead fPb) 



Titanium (Ti), Zirconium (Zr), and Hafnium (HO 



^^^^^g^^^ (Bi) 



B 



VIII 



IIJB 



B 



Period 4 



Period 5 



Period 6 



Vanadium (V), Niobium (Nb), and Tantalui^7fi> 



Sulfur (S), Selenium (Se), and Tellurium (Te) 



Chromium (Cr). Molybdenum (Mo), and T ungsten (W> 
Fluorine (F), Chiorine (CI), Bromine (Br), and lo dineli)" 
Manganese (Mn), Technetium (Tc), and Rhen ium7Rg)~ 
Iron (FeX Cobalt (Co), and Nickel (Ni) 



Rare Earths 



Ruthenium (Ru), Rhodium (Rh), and Palladium (Pd) 



Osmium (Qs), Iridium (Ir), and Platinum (Pt) 



Ail 



further comprising adding stabilizing compounds to the electrolyte for overcoming and 
stabilizing the short lifetime of oxidized forms of higher oxidation state species of the mediator, 
wherein the stabiUzing compounds are tellurate or periodate ions. 

96. (New) A process for treating and oxidizing Sharps I and sterilizing Sharps II 
and waste materials comprising disposing an electrolyte in an electrochemical cell, separating 
the electrolyte into an anolyte portion and a catholyte portion with an ion-selective 
membrane, semipermeable membrane, microporaus polymer, porous ceramic, or glass frit, 
applying a direct current voltage between the anolyte portion and the catholyte portion, 
placing the sharps and waste in the anolyte portion, and oxidizing the Sharps I into metallic 
ions in solution in the anolyte, sterihzing Sharps II, and waste in the anolyte portion with a 
mediated electrochemical oxidation (MEO) process, wherein the anolyte portion further 
comprises oxidizing species as a mediator in aqueous solution and the electrolyte is an acid, 
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neutra or alkaline aqueous solution, and whez^in the mediator oxidizing species are selected 
from the group consisting of (a.) simple ion redox couples described in Table I as below (b ) 
Type Usopolyanions complex anion redox couples fonned by incorporation of elements'in " 
Table I, or mixtures thereof as addenda atoms; (c.) Type I heteropolyanions complex anion 
redox couples formed by incorporation into Type I isopolyanions as heteroatoms any element 
selected from the group consisting of the elements listed in Table II either singly or in 
combination thereof, or (d.) heteropolyanions complex anion redox couples containing at 
least one heteroatom type element contained in both Table I and Table II below or (e ) 
combinations of the mediator oxidizing species from any or all of (a.), (b.), (c), and (d.) 
Table I: Simple Ion Redox Couples 




II 



Silver (Ag) 



Gold (Au) 



+3 



+4 



+1 



+2 



+3 



Magnesium 
(Mg) 



+3 



+4 



Calcium 
(Ca) 



+2 



+4 



+2 



Cu' (cupric) 



HCu02(bicuprite) 
CuQ;'^ (cuprite) 



Cu^ 

Cu02'(cuprate) 
CU2O3 (sesquioxide) 



CuQ2 (peroxide) 



Ag (argentous) 
AgC)^(argentite) 



Ag (argentic) 
AgO (argentic oxide) 



AgO (argentyl) 
Afo03 (sesquioxide) 



Au (aurous) 



Au** (auric) 
AuO' (auryl) 
H3AUO3' (auric acid) 
H2AUO3' (monoauarate) 
HAu03*^(diaurate) 
AuOi^ (triaurate) 
AU2O3 (aiiric oxide) 
Au(0H)3 (auric hydroxide) 



AUQ2 (peroxide) 
Mg^ (magnesic) 



MgOa (peroxide) 
O?^ 



42 
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Species; 

+3 Species/ +4 Species 



+ 1 Species/ +2, +3 
Species; 

+2 Species/ +3 Species 



+1 Species/ h3, +4 
Species; 

+ 3 Species/ +4 Species 



+2 Species/ +4 Species 



+2 Species/ +4 Species 
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Carbon (C) 



+5 



Germanium 
(Ge) 



+6 



+4 



Tin (Sn) 



4^ 



+4 



Lead (Pb) 



+7 



+2 



IV 



Lead(Pb) 



+2.67 



+3 



+4 



H2CO3 (carbonic acid) 

HCO3" (bicarbonate) 
C0{^ (carbonate) 



H2C2O6 (perdicarbonic acid) 



+4 Species/ 
+5, +6 Species 



H2CO4 (permonocarbonic acid) 



H2Ge03 (gerraanic acid) 

HGe03"(bigermaniate) 
^^03'^ (germinate) 
Ge*^ (germanic) 
GeO/ 

H2Ge205 (digermanic acid) 
H2Ge409 (tetragermanic acid) 
HaGesOu (pentagermanic acid) 
HGcgOn' (bipentagermanate) 
GesOn (pentagermanat e) 
Sn""* (stannic) 

HSnOj" (bistaiinute) 
SnOj'^ (stannate) 
Sn02 (stannic oxide) 
Sn(QH)4 (stannic hydroxide) 



+4 Species/ 
+6 Species 



+4 Species/ 
+7 Species 



Sn04" (perstanna te) 
Pb^^ (plurabous) 



HPbO£{bipIumbite) 



PbOH* 



Pb02"^(plumb"jte)' 



PbO (piumbus oxide) 



PbjO* (plumbo-plumbic oxide) 



Pb2Q3 (sequioxide) 



Pb^ (plumbic) 



+2, +2.67, +3 

Species/+4 

Species 



PbOs' (metaplumbate) 



HPb03'(acid metaplumbate) 



Pb04 (orthoplumbate) 



PbOa (dioxide) 



+2, +2.67, +3 

Species/+4 

Species 



44 



PAGE 54/98 * RCVD AT 6/23/2008 5:41:09 PM [Eastern Daylight Time] * 8VR:U8PTO-EFXRF-6/11 • DN18:2738300 ^ 0810:703 448 7397 * DURATION (mm-ss):52-02 



Jun 23 08 05:14p J C URflY 



703 448-7397 



p. 55 









^^^^^^^ 
IV 












M 

m 




B 


Titanium 


+4 


liU'"(pertitanyl) 

HTiO/ titanate) 
TiOj (dioxide) 


+4 Species/ 
+6 Species 




+6 


liOz'-^lpertitanyl) 
HTi04 (acid pertitanate) 
Ti04'^ (pertitanate) 
Ti03 (peroxide) 


Zirconium 
(Zr) 


+4 


Zr * r zirconic^ 

ZrO^^ (zirconyl) 
HZrOj" (zirconate) 


+4 Species/ +5, 
+6, +7 Species 




+5 


Zr^Oj (pentoxide) 


+6 


ZrOj (peroxide) 


+7 


Zr207 (heptoxide) 


Hafhium 
(HO 


+4 


Hr*(hafhic) 

HfO^^(hafhyl) 
HfOs (peroxide) 


+4 Species/ 
+6 Species 


v 

V 


A 

A 


Nitrogen 


+5 


HNO3 (nitric acid) 
NOs" (nitrate) 


+5 species/ 
+7 Species 




+7 ' 


HNO4 (pemitric acid) 




Phosphorus 
(P) 


+5 


H3PO4 (orthophosphoric acid) 

H2PO4' (monoorthophosphate) 
HP04"^ (diorthophosphate) 
P04'^ (triorthophosphate) 
HPO3 (metaphosphoric acid) 
H4P2O7 (pryophosphoric acid) 
H5P3O10 (triphosphoric acid) 
^sP40i3 (teiraphosphoric acid) 


+5 Species/ 
+6, +7 species 


V 


A 


Phosphorus 
(P) 


+6 

+7 1 


H4P2O8 (perphosphoric acid) 
H3PO5 (monoperphosphoric acid) 


+5 Species/ 
+6, +7 Species 
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Bismuth 
(Bi) 



B 



Vanadium 
(V) 



+7 



+3 



+3.5 



+4 



+5 



+5 



+7 



+9 



H2ASO4" (mono ortho-arsenate) 
IlAs04*^ (di-ortho-arsenate) 
As04"^ (tri-ortho-arsenate) 
ASO2 (arsenyl) 



As03^ (p erarsenyl) 
Bi' (bismuthous) 



BiOH*^ (liydroxybismuthous) 
BiO"^ (bismuthyl) 
BiOz" (metabismuthite) 



BuOi (oxide) 



Bi204 (tetroxide) 



Bi03* (metabismuthite) 
jjaQj (pentoxide) 



VO2* (vanadic) 

Hj V2O7' (pyrovanadate) 
H2V04" (orthovanadafce) 
VO3" (raetavanadate) 
HV04'^ (oithovanadate) 
V04'^ (orthovaiiadale) 
V2O5 (pentoxide) 
H4V2O7 (pyrovanadic acid) 
HVO3 (metavanadic acid) 
H4VsOn (hexavanadic acid) 



VO4' (pervanadate) 



VO3" (hypervanadate) 



+5 Species/ 
+7 species 



+3 Species/ 
■*-3.5, -M, +5 
Species 



+5 Species/ 
+7, +9 Species 
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Molybdenum 
(Mo) 



+4 



+6 



VII 



Tungsten 
OV) 



+6 



+7 



+6 



+8 



Chlorine (CI) 



+1 



+3 



+5 



+7 



CrOH*^ Cr(OH)2* (chromyls) 



CrO/, CrOj'^ (chromites) 
Cr203 (chromic oxide) 
Cr(0H)3 (chromic hydroxide) 



Cr02 (dioxide) 
Cr(0H)4 (hydroxide) 



H2Cr04 (chromic acid) 
HCr04^ (acid chromate) 
Cr04'^ (chromate) 
Cr207'^ (dichromate) 



HM0O4' (bimolybhate) 

Mo04'^ (moJydbate) 
M0O3 (molybdic trioxide) 
H2M0O4 (molybolic acid) 



j^oQ4' (permolybdate) 



W04'^tungstic) 

WO3 (trioxide) 
H2WO4 (tungstic acid) 



WOs*^ (pertungstic) 
H2WO5 (pertungstic acid) 



Cr (chloride) 



HCIO (hypochiorous acid) 
CIO" (hypochlorite) 



HCIO2 (Chlorous acid) 
CIO2' (chlorite) 



HCIO3 (chloric acid) 
C103" (chlorate) 



HCIO4 (perchloric acid) 
C104; HC]Oi\ ClOi\ CI2O/ 
(perchlorates) 



+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 



+6 Species/ 
+7 Species 



+6 Species/ 
4-8 Species 



-1 Species/ +1, 
+3, +5, +7 
Species 



-M Species/ +3, 
+5, +7 Species; 
+3 Species/ 
+5, +7 Species; 
+5 Species/ 
+7 Species 
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Iodine 



B 



Manganese 
(Mn) 



+5 



+7 



+1 



+3 



+5 



+7 



+2 



+3 



+4 



+6 



+7 



HBrO (hypobromous acid) 
BrO" (hypobromitee) 



HBr02 (bromous acid) 
Br02' (bromite) 



-I Species/+1, 
Species; 



HBrOa (bromic acid) 
BrOj' (bromate) 



HBr04 (perbromic acid) 
BrO,; mrOi\ BrO, ^ Br^Os^ 
(prebromates) 



+ 1 Spccie5/+3, 
+5, +7 Species; 
+3 Species/ +5, 
+7 Species; 
+5 Species/ +7 
Species 



r (iodide) 



HIO (hypoiodus acid) 
lO" (hypoiodite) 



-1 Species/+1, 
+3, +5, +7 
Species; 



HI02 (iodous acid) 
IO2' (iodite) 



HrOa (iodic acid) 
IO3" (iodate) 



HIO4 (periodic acid) 
lOi, HI05 ^IO3-', 1209-" 
(periodates) 



+1 Species/+3, 

+5, +7 Species; 
+3 Species/ +5, 
+7 Species; 
+5 Species/ ■^7 
Species 



Mn"^^ (manganeous) 
HMnOi' (dimanganite) 



Mn (manganic) 



MnOa (dioxide) 



MnO^*^ (manganatc) 



MnO^' (permanganate) 



+2 Species/ +3, 
+4, +6, +7 
Species; 
+3 Species/ +4, 
+6, +7 Species; 
+4 Species/ +6, 
+7 Species; 
+6 Species/ +7 
Species 
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Period 4 



VIII 



Period 4 



Iron (Fe) 



Iron (Fe) 



Cobalt (Co) 



Nickel (Ni) 



+3 



+4 



+5 



+6 



+2 



+3 



+4 



+3 



+4 



+6 



Fe"^ (ferrous) 
HFe02 (dfliypoferrite) 



Fe'^ (ferric) 
Fe(0H)^2 
Fe(OH)2* 
Fe02''(ferrite) 



FeO"^(feiTyl) 

FeOz"^ (perferrite) 

Fc02 (perferryl) 
Fe04*^ (ferrate) 



Co"^ (cobalous) 
HCoOz" (dicobaltite) 



Co^^ (cobaltic) 
C02O3 (cobaltic oxide) 



C0O2 (peroxide) 
H2C0O3 (cobaltic acid) 



Ni^"^ (nickeJous) 
NiOH* 

HNi02" (dinickelite) 
NiOa^nickelite) 



Ni'* (nickellc) 

NiaOs (nickelic oxide) 



Ni02 (peroxide) 



Ni04'^ (nickelateT 



-12 SpecIes/+3, 
+4, +5, +6 
Species; 



+3 Species/+4, 
+5, +6 Species; 



+4 Species/ 
•^5, +6 Species; 
+5 Species/ 
+6 Species 



+2 Species/ 
+3, +4 Species; 
+3 Species/ 
+4 Species 



+2 Species/ +3, 
+4, +6 Species; 
+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 
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Periods | RutheniunT 
(Ru) 



Rhodium 
(Rh) 



Palladium 



+3 



+4 



+5 



+6 



+7 



+8 



+1 



+2 



+3 



+4 



+6 



+2 



+3 



+4 



+6 



Ru 



R^203 (sesquioxide) 



Ru(OH)3 (hydroxide) 



Ru (ruthenic) 

RuOz (ruthenic dioxide) 

Ru(OH)4 (ruthenic hydroxide) 



Ru2Q5 (pentoxid e) 
Ru04"^ (ruthenate) 
Ru02^^ (ruthenyl) 
RUO3 (ti ioxide) 



RUO4" (perruthenate) 



H2RUO4 (hyperuthenic acid) 
HRuOs* (diperruthenate) 
RUO4 (rutheniu m tetroxide) 
Rh (hyporhodous) 



Rh"^ (rfiodous) 



Rh"-* (rhodic) 
Rh20.i (sesquioxide) 



Rh02 (rhodic oxide) 
Rh(QH)4 (hydroxide) 
Rh04'^ (rhodate) 
RhOj (trioxide) 



Pd"' (palladous) 
Pd02*^ (palladite) 



Pd203 (sesquioxide) 



Pd Oj-^ (palladatc) 
PdOi (dioxide) 
Pd{0H)4 (hydroxide) 



PdOs (peroxide) 
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+2 Species/ +3, 
+4, +5, +6, +7, 
+8 Species; 
+3 Species/ +4, 
+5, +6, +7, +8 
Species; 
+4 Species/ 
+5, +6, +7, +8 
Species; 
+5 Species/ +6, 
+7, +8 Species; 
+6 Species/ 
+7, +8 Species; 
+7 Species/ 
+S Species 



+ 1 Spccies/+2, 
+3, +4, +6 
Species; 
+2 Species/ +3, 
■»-4, +6 Species; 
+3 Species/ +4, 
+6 Species; 
+4 Species/ +6 
Species 



+2 Species/ +3, 
+4, -^6 Species; 
+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 
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+4 



Platinum 
(Pt) 



IIIB 



Rare 
earths 



+6 



+2 



+3 



Cerium (Ce) 



+4 



+3 



+4 



Praseodymiu 
m(Pr) 



+6 



+3 



Neodymium 



Terbium (Tb) 



+4 



+3 



+4 



+3 



+4 



Tr (iridic) 
IrjOs (iridium sesquioxide) 
Ir (OH)3 (iridium hydroxide) 



IrOa (iridic oxide) 
rr (OH)4 (iridic hydroxide) 



Ir04^^ (iridate) 
frOs (indium peroxide) 



Pt^^ (platinous) 



PtzOa (sesquioxide) 



PtOj-^ (palatinate) 
PtO^^ (platinyl) 
Pt(OH)*^ 

PtOz (platonic o xide) 
Ce (cerous) 



CeiOs (cerous oxide) 
Ce(QH)3 (cerous hydrox ide) 



Ce'^Ce(OH)^ Ce(0H)2^^ 
Ce(0H)3'^ (eerie) 
Ce02 (eerie oxide) 



CeOa (peroxide) 



Pr (praseodymous) 

Pr203 (sesquioxide) 
Pr(QH)3 (hydroxide) 



Pr (praseodymic) 
PrOa (dioxide) 





Nd203 (sesquioxide) 



Nd02 (peroxide) 



Tb 



Tb203 (sesquioxide) . 




+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 



+2, +3 Species/ 
+4, 4-6 Species; 
+4 Species/ 
+6 Species 



+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 



+3 species/ +4 
species 



TbQ2 (peroxide) 



+3 Species/ +4 
Species " 



+3 Species/ +4 
Species 
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Uranium (U) 



Neptunium 
(Np) 



Plutonium 
(Pu) 



Americium 
(Am) 



+6 



+6 



+8 



+5 



+6 



+8 



+3 



+4 



^5 



+6 



+3 



+4 



+5 



ThO"' (thoryl) 
HThOj- (tliorate) 



+4 Species/ +6 
Species 



ThO^ (acid peroxide) 



(uranyl) 



UO3 (uranic oxide) 
HU05", UOs" (peruranates) 
UO4 (pero xide) 
NpOj (hyponeptunyl) 

NpzOs (pentoxide) 



NpOz"^ (neptunyl) 
NpOs (trioxide) 



NpQ4 (peroxide) 

Pu (hypoplutonous) 



Pu (plutonous) 
PUO2 (dioxide) 



PuOa"^ (hypoplutonyl) 
Pu205 (pentoxid e) 
PuOa^^ (plutonyl) 
PUO3 (peroxide) 
Am (hypoamericious) 



Am"* (americous) 

AmOz (dioxide) 

Am(0H)4 (hydroxide) 
Am02 (hypoamericyl) 
AmaOj (pen toxide) 
AmOj (americyl) 
Am03 (peroxide) 



+6 Species/ +8 
Species 



+5 Species/ +6, 
+8 Species; 
+6 Species/ +8 
Species 



+3 Species/ +4, 
+5, +6 Species; 
+4 Species/ +5, 
+6 Species; 
+5 Species/ +6 
Species 



4-3 Species/ +4, 
+5. +6 Species; 
+4 Species/ +5, 
+6 Species; 
+5 Species/ +6 
Species 
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Sup|"mS"' " " H«'-i»lyanio„ Complex Anion Redo. 




II 



UI 



rv 



VI 



vn 



VIII 



IIIB 



B 



B 



B 



B 



Period 5 



Period 6 



Lithium (LiX Sodjum (NaXPoSb 



Copper (CuX Silver (Ag), and Gold (A\i) 




Zinc (ZnX Cadmium (Cd), and Meroury (Hg) 



Boron (B), and Aluminum (Al) 



Scandium (Sc), and Yttrium (Y) - (See Rare Earths) 

Carbon (C), Silicon (Si), Germanium (Ge), Tin (S a) ^i^dT^idTPbT 
Titanmm (Ti), Zirconium (Zr), and Hafnium (Hf) 



Vanadium (V). Niobium (Nb). and Tantalum ( fi) 
Sulfur (S), Selenium (Se), and Tellurium (Te) 



Chromium (Cr), Molybdenum (Mo), and Tungste^TwT 



Muortne (F). Chlorine (CI). Bromine (Br), and lodineTrT 



Manganese (Mn). Technetium (Ic), and RheniG^rfRi) 



Period4 li^n (Fe). Cobalt (Co), and Nickel7w> 



Rare Earths 



Ruthenium (Ru), Rhodium (Rh). and Paltadiul^^(Pdr 
Osmium (Os), Iridium (Ir), and Platinum (PQ 



All 



Wherein the oxidizing agents are super oxidizers, and further comprising generating inorganic 
free radicals in aqueous solutions from carbonate, azide. nitrite, nitrate, phosphite, phosphate 
sulfite, sulfate, selenite, thiocyanate. chloride, and formate oxidizing species, Nvherein the super 
oxidizers have an oxidation potential above a threshold value ofl.7 volts at 1 molar 25^ and 
pHi. 

97. (New) The system of claim 89, further comprising a membrane separating the 
anolyte portion and a catholyte portion of the electrolyte, ^.herein the membrane is an ion- 
selective membrane, or semi permeable membrane, microporous polymer membrane, porous 
ceramic membrane, or glass frit. 

98. (New) -Apparatus for treating and oxidizing Sharps I into ions in solution in 
the anolyte and sterilizing Sharps II and destroying biological and organic waste materials 
comprising an electrochemical cell, an aqueous electrolyte disposed in the electrochemical 
cell, a semi permeable membrane, ion selective membrane, microporous membrane, porous 
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ceram. or glass frit membrane disposed in the electrochemical ceU for separating the cell 
into anolyte and catholyte chambers and separating the anolyte and catholyte portions 
electrodes further comprising an anode and a cathode disposed in the electrochemical 'ceil 
respectively in the anolyte and catholyte chambers and i„ the anolyte and catholyte portions 
of the electrolyte, a power supply connected to the anode and the cathode for applying a 
direct current voltage between the anolyte and the catholyte portions of the electrolyte and 
oxid^zmg of the materials in the anolyte portion with a mediated electn,chemical oxidation 
(MEO) process wherein the anolyte portion further comprises a mediator in aqueous solution 
for producing reversible redox couples used as oxidizing species and the electrolyte is an 
acid, neutral or alkaline aqueous solution, wherein the mediator oxidizing species ar^ 
selected fiom the group consisting of (a.) simple ion redox couples described in Table I as 
below; (b.) Type I isopolyanions complex anion redox couples fonned by incorporation of 
elements in Table I or mixtures thereof as addenda atoms; (c.) Type I heteropolyanions 
complex anion redox couples fonned by incorporation into Type I isopolyanions as 
heteroatoms any element selected fh>m the group consisting of the elements listed in Table II 
either smgly or in combination thereof, or (d.) heteropolyanions complex anion redox 
couples contaming at least one heteroatom type element contained in both Table I and Table 
II below or (e.) combinations of the mediator oxidizing species from any or all of (a ) fb ) 
(c.),and(d.) 

Table I: Simple Ion Redox Couples 



1 


A 


None 


^^^^^ 








B 


Copper (Cu) 


+2 


Cu ^ (cupric) 

HCuOj (bicuprite) 
CuO,'^ (cuprite) 


+2 Species/ +3. +4 
Species; 

+3 Species/ +4 Spejcies 








+3 


Cu**^' 

Cu02*(cuprate) 
CU2O3 (sesquioxide) 










+4 


CuOi (peroxide) 








Silver (Ag) 


+1 


Ag (argentous) 
AgO" (ai^entite) 


Species/ +2, +3 
Species; 

+2 Species/ +3 Species 








+2 


Ag^ (argentic) 
AgO (argentic oxide) 
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Ago (argentyl) "| 
AgzQi (sesquioxide^ 


Gold(Au) 




Au (aurous) 


+1 Species/ +3, +4 
Species; 


+3 

1 

+4 


Au (auric) 
AuO* (auryl) 
H3AUO3' (auric acid) 
H2AUO3' (monoauarate) 
HAu03'^(diaurate) 
Au03'^ (triaurate) 
AU2O3 (auric oxide) 
Au(OH)i (auric hydroxide^ 
AUO2 (peroxide) 


+ 3 Species/ +4 Species 


il 

1 


A 


Magnesixim 
(Mg) 


+2 
+4 


Mg (magnesic) 
Mg02 (peroxide) 


H 2 Spccic5s/ +4 Species 1 


Calcium 
(Ca) 

Strontium 


+2 

4-4 

+2 


Ca^* 

Ca02 (peroxide) 


+2 Species/ ^-4 Species 




Barium (Ba) 


+4 
+2 
+4 

1. 


Sr02 (peroxide) 

^ 

Ba02 (peroxide) 


+2 Species/ +4 Species 
+2 Species/ +4 Species 
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111 



Mercury 
(Hg) 



Boron 



Thallium 
(Tl) 



See Rare 
Earths and 
Actinides 



+4 



+2 



+4 



+3 



+4.5 



+5 



+ 1 



+3 



+3.33 



ZnOH* (zincyJ) 
HZn02"(bi2incate) 
ZnOz'^ (zincate) 
2n02 (peroxide) 
Hg"^ (mercuric) 

Hg(OH)2 (mercuric 
hydroxide) 
HHgOz" (mercurate) 




+2 Species/ 
+4 Species 



HgOz (peroxide) 



H3BO3 (orthoboric acid) 



H2BO3 ; HBO3 B03-^ 
(orthoborates) 

BO2' (metaborate) 
H2B4O7 (tetraboric acid) 
HB4077B407-2 
(tetraborates) 
B204*^(diborate) 
BeOio"^ (hexaborate) 



+2 Species/ 
+4 Species 



+3 Species/ 
+4.5, +5 
Species 



B205" (diborate) 



B03-/B02-H20 
(perborate) 



Tr^(thallous) 



Tl"" (thallic) 

TIO*, TIOH*^ Tl(OH)2" 
(tiiallyi) 

TI2O3 (sesquioxide) 
T!(OH)3 (Kydroxide) 



+1 Species/ 
+3 or +3,33 
Species; 
+3 Species/ 
+3.33 Species 



TI3O5 (peroxide) 
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Germanium 
(Ge) 



+5 



+6 



+4 



Tin(Sn) 



+6 



+4 



Lead{Pb) 



IV 



Lead (Pb) 



+7 



+2 



+2.67 



+3 



+4 



H2CO3 (carbonic acid) 

HCO3" (bicarbonate) 
CO{^ (carbonate) , 



H2C2Q6 (perdicarbonic acid) 



H2CO4 (permonocarbonic acid) 



H2Ge03 (germanic acid) 

HGeOa' (bigermaniate) 
GeOs"^ (germinate) 
Ge** (germanic) 
GeO^"* 

H2Ge205 (digermanic acid) 
H2Ge409 (tetragermanic acid) 
H2Ge50|| (pentagermanic acid) 
HGe^On' (bipentagermanate) 



GesOiT (pentagennanate) 



Sn"^ (stannic) 

HSnOj" (bistannate) 
SnOa"^ (stannate) 
Sn02 (stannic oxide) 
Sn(QH)4 (stannic hydroxide) 



Sn04*(perstannate) 



Pb"*^^ (jpiumbous) 
HPbOa (biplumbite) 



PbOiT" 



PbOz"" (plumbite) 



PbO (plumbus oxide) 



Pb304 (plumbo-plumbic oxide) 



+4 Species/ 
+5, +6 Species 



+4 Species/ 
+6 Species 



+4 Species/ 
+7 Species 



+2, +2.67, +3 

Species/+4 

Species 



Pb203 (sequioxide) 



Pb^ (plumbic) 



PbOj'^ (metaplumbate) 



HPb03' (acid metaplumbate) 



PbO*"^ (ordioplumbate) 



Pb02 (dioxide) 



+2, +2. 67, +3 

Species/+4 

Species 
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P04'^ (ti iorthophosphate) 
HPO3 (metaphosphoric acid) 
H4P2O7 (pryophosphoric acid) 
HjPsOio (triphosphoric acid) 
HtfP^O^g (tetraphosphoric acid) 



H4P2O8 (perphosphoric acid) 
H3PO5 (monoperphosphoric acid) 



+5 Species/ 
+6. +7 species 



+5 Species/ 
+6, +7 Species 
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Arsenic (As) 



Bismuth 
(Bi) 



B 



+5 



+7 



+3 



+3.5 



+4 



+5 



Vanadium 
(V) 



+5 



+7 



+9 



H3ASO4 (ortho-arsenic acid) 



H2ASO4' (mono ortho-arsenate) 
HAsO^'^ (di-oitho-arsenate) 
As04"^ (tri-ortho-arsenate) 
ASO2* (arsenyl) 



ASO3 (perarsenyl) 



Bi (bisniiithous) 

BiOH^^ (hydroxybismulhous) 
BiO"^ (bismuthyl) 
BiOa' (metabismuth ite) 
Bi^O? (oxide) 



Bi204 (tetroxide) 



BiOs' (mctabismulhite) 
Bi20s(pentoxide) 



VOa^ (vanadic) 

H3 V2O7' (pyrovanadate) 
H2V04" (orthovanadate) 
VOs" (metavanadate) 
HV04"^ (orthovanadate) 
V04'^ (orthovanadate) 
V2O5 (pentoxide) 
H4V2O7 (pyrovanadic acid) 
HVO3 (meta vanadic acid) 
H4V6O17 (hexavanadic acid) 



VQ4' (pervanadate) 



VO3" (hypervanadate ) 



+5 Species/ 
+7 species 



+3 Species/ 
+3.5, +4. +5 
Species 



+5 Species/ 
+7, +9 Species 
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VI 



Tantalum 
(Ta) 



Sulfur (S) 



Selenium 
(Se) 



Tellurium 
(Te) 



Polonium 
(Po) 



+7 



+5 



+7 



+6 



+7 



+8 



+6 



+7 



+6 



+7 



+2 



+4 



+6 



NbO.,"^ (orthoniobate) 
Nb205 (pentoxide) 
HNb03(niobidacid) 



Nb04' (pemiobate) 
Nb207 (pemiobic oxide) 
HNb04 (pemiobic acid) 



+5 Species/ +7 
species 



TaOa' (metatantalate) 

Ta04"'' (oitliotanatalate) 
Ta205 (pentoxide) 
HTaOg (tantalic acid) 



+5 species/ +7 
species 



Ta04' (pentantalate) 
TsLjOy (pertantalate) 
HTaQ4'H2Q (pcrtantaiic acid) 



H2S04(sulfinicacid) 

HSO4' (bisulfatc) 
S04'^ (sulfate) 



S2Q8 ' (dipersulfate) 



H2SO5 (momopersulfuric acid) 



H2Se204 (selenic acid) 

HSe04' (biselenate) 
Sc04"^ (sclenate) 



+6 Species/ +7, 
+8 Species 



H2Se208 (perdiselenlc acid) 



+6 species/ +7 
Species 



H2Te04 (telluric acid) 

HTe04" (bitellurate) 
Te04-^ (telJurate) 



HjTcjOs (perditellenic acid) 



Po^ (polonous) 



PoOT^poionate)" 



P0O3 (peroxide) 



+6 species/ +7 
species 



+2, +4 species/ 
+6 Species 
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+4 



+6 



Molybdenum 
(Mo) 



Tungsten 
(W) 



VII 



Chlorine (CI) 



+6 



+7 



+6 



+8 



+1 



+3 



+5 



+7 



CrOz', CrOa"^ (chromites) 
Cr203 (chromic oxide) 
Cr(OH)3 (chromic hydroxide) 



Cr02 (dioxide) 
Cr(0H)4 (hydroxide) 



H2Cr04 (chromic acid) 
HCr04" (acid chromate) 
Cr04'^ (chromate) 
CfjOt'^ (dichromate) 



HM0O4" (bimolybhate) 

Mo04'^ (molydbate) 
M0O3 (molybdic trioxide) 
H2M0Q4 (molybolic acid) 



M0Q4' (permolybdate) 



WO4" tungstic) 

WO3 (trioxide) 
H2WQ4 (tungstic acid) 



WOi (pertungstic) 
HaWOs (pertungstic acid) 



CI- (chloride) 



HCIO (hypochiorous acid) 
CIO" (hypochlorite) 



HCiOj (chlorous acid) 
CIO2' (chlorite) 



HCI03 (chioric acid) 
CIO3' (chlorate) 



HCIO4 (perchloric acid) 
CI04-, HCIO5 ^ CiOi\ CkOi" 
(perchlorates) 



+6 Species/ 
+7 Species 



+6 Species/ 
+8 Species 



-1 Species/ +1, 
+3, +5, +7 
Species 



+1 Species/ +3, 
+5, +7 Species; 
+3 Species/ 
+5, +7 Species; 
+5 Species/ 
+7 Species 
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ill 








vn 


A 


Bromine (Br) 


-1 


Bf (bromide) 


-1 Species/4-1, 
+3, +5, +7 
Species; 


+ 1 


HBrO (hypobromous acid) 
BrO" (hypobromitee) 


+1 Species/+3, 
+5, +7 Species; 
+3 Species/ +5, 
+7 Species; 
+5 Species/ +7 
Species 


+3 


HBrOj (bromous acid) 

Br02* (bromitc) 


+5 


HBrO^ rbroiTiic arid^ 
BrOa" (bromate) 


4-7 


HBr04 (perbromic acid) 
BrOj", HBrOs"^, BrOs'^ BrjOp"^ 
(pj^bromates) 


Iodine 


-1 


r (iodide) 


-1 Species/+1, 
+3, +5, +7 
Species; 


+1 


HIO (hypoiodus acid) 
10' (hypoiodite) 


+1 Species/+3, 
+5, 1 7 Species; 
+3 Species/ +5, 
+7 Species; 
+5 Species/ +7 
Species 


+3 


HIO2 (iodous acid) 
102" (iodite) 


+5 


HIO^ Hodtc acid^ 
IO3' (iodate) 


+7 


HIO4 (periodic acid) 

I04,HI05 ,105%l209 

^Deriodatesl 


B 


Manganese 
(Mn) 




+2 


Mn^'* (manganeous) 
HMnOx' (dimanganite) 


+2 Species/ +3, 
+4, +6, +7 
Species; 
+3 Species/ +4, 
+6, 4-7 Species; 
+4 Species/.+6, 
+7 Species; 
4-6 Species/ 4-7 
Species 






+3 


Mn*"^ (manganic) 




+4 


Mn02 (dioxide) 




+6 


Mn04"^ (manganate) 




+7 


Mn04" (permanganate) 
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vriT 
viu 


Period 4 


Iron (Fe) 


+2 


Fe^ (ferrous) 
HFe02 (dihypofemte) 


+2 Species/+3, 
+4, +5, 
Species; 


VIII 


Period 4 


Iron (Fe) 


+3 


Fe*^ (ferric) 
Fe(0H)*2 
Fe(OH)2^ 
FeOa'^Cferrite) 


+3 Species/4-4, 
+5, +6 Species; 


+4 


FeO*^ (ferryl) 












PeOj'^ (perferrite) 


-^•5, +6 Species; 
+5 Species/ 
.+6 Species 








+5 


FeOz* (perfenyl) 








+6 


FeO/' (ferrate) 








Cobalt (Co) 


+2 


Co^^ (cobalous) 
HCoOj" (dicobaltite) 


+2 Species/ 
-^3» +4 Species; 
-^3 Species/ 
"H4 Soeci^s 








+3 


Co (cobaltic) 
C02O3 (cobaltic oxide) 








+4 


C0O2 (peroxide) 
H2C0O3 (cobaltic acid) 








INlCKei 


+2 


Nr^ (nickelous) 

HNi02(dimcicelite) 
NiOj'^ (nickelite) 


+2 Species/ +3, 
+4, +6 Species; 
+3 Species/ 
+4> +6 Species; 
+4 Species/ 
+6 Species 








+3 


Ni"^ (iiickclic) 
Ni203 (nickelic oxide) 










+4 


Ni02 (peroxide) 










+6 


NiO*"^ (nickelate) 
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Rhodium 
(Rh) 



Palladium 



+3 



+4 



+5 



+6 



+7 



+8 



+1 



+2 



+3 



44 



+6 



+2 



+3 



+4 



+6 



Ru 



RU2O3 (sesquioxide) 

Ru(OH)3 (hydroxide) 



Ru^ (ruthenic) 

RUO2 (ruthenic dioxide) 

Ru(0H)4 (ruthenic hydroxide) 



RU2O5 (pentoxide) 



RuOr (ruthenate) 
RuOz"^ (ruthenyl) 
RUO3 (trioxide) 



RuO/ (perruthenate) 



H2RUO4 (hyperuthenic acid) 
HRuOs" (dipen-uthenate) 
RUQ4 (ruthenium , tetroxide) 
Rh (hyporhodous) 

Rh^^ (rhodous) " 



Rh*' (rhodic) 
Rh203 (sesquioxide) 



RhO^ (rhodic oxide) 
Rh(OH)4 (hydroxide) 
Rh04-^ (rfaodate) 
Rh03 (trioxide) 
(palladous) 



. ^ i ..11 I r ii, 1 , r"t 

+2 Species/ +3, 
+4, +5, +6, +7, 
+8 Species; 
+3 Species/ +4, 
+5, +6, +8 
Species; 
+4 Species/ 
+5, -H5, 4-7, +8 
Species; 
+3 Species/ +6, 
■»-7, +8 Species; 
+6 Species/ 
+7, +8 Species; 
+7 Species/ 
+8 Species 



-•-1 Species/+2, 
+3. +4, +6 
Species; 
+2 Species/ +3, 
+4, +6 Species; 
+3 Species/ +4, 
+6 Species; 
+4 Species/ +6 
Species 



Pd* 



PdOs"^ (palladite) 



Pd20j (sesquioxide) 



Pd (paUadate) 
PdOz (dioxide) 
Pd(0H)4 (hydroxide) 



PdOj (peroxide) 



+2 Species/ +3, 
+4. +6 Species; 
+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 
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iriB 



Platinum 
(Pt) 



Rare 
earths 



Cerium (Ce) 



Praseodymiu 
m(Pr) 



Neodymium 



Terbium (Tb) 



+4 



+6 



+2 



+3 



+4 



+3 



+4 



+6 



+3 



+4 



+3 



+4 



+3 



+4 



Ir"^ (iridic) 

ItzOj (iridium sesquioxide) 
Ir (OH)3 (iridium hydroxide) 



•^3 Species/ 
-*-4, +6 Species; 
+4 Species/ 
+6 Species 



lr02 (iridic oxide) 
Ir (0H)4 (iridic hydroxide) 



Ir04'" (iridate) 
Ir Oa (iridium peroxi de) 
Pt (platinou5) 



Pt203 (sesquioxide) 



PtOj'^ (palatinate) 
PtO^^(pIatinyl) 

PtOz (platonic oxide) 



Ce^^ (cerous) ' ^ 
CC2O3 (cerous oxide) 
Ce(QH)3 (cerous hydioxide) 



Ce-*, Ce(OH)*^ Ce(0H)2*^ 
Ce(OH),^ (eerie) 
Ce02 (eerie oxide) 



CeOj (peroxide) 



Pr*"* (praseodymous) 

Pr203 (sesquioxide) 
Pr(OH)3 (hydroxide) 



Pr (praseodymic) 
PrOz (dioxide) 
Nd'^^ 



NdaOj (sesquioxide) 



NdOz (peroxide) 



Tb203 (sesquioxide) 



TbQ2 (peroxide) 



+2, +3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 



+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 



+3 species/ +4 
species 



+3 Species/ +4 
Species 



+3 Species/ +4 
Species 
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Uranium (U) 



+6 



+6 



Neptunium 
(Np) 



Plutonium 
(Pu) 



Americium 
(Am) 



+8 



+5 



+6 



+8 



+3 



+4 



+5 



+6 



+3 



+4 



+5 



+6 



TliO'^^ (thoryl) 
HThOj- (thorate) 



ThOa (acid peroxide) 
(uranyl) 



UO3 (uranic oxide) 



HlJ05^ UO5' (peruranates) 
UO4 (peroxide) 



Np02 (hyponeptunyl) 
NP2O5 (pentoxide) 



NpOi""'^ (neptunyl) 
NpOj (trioxide) 



NpO* (peroxide) 



Pu^ (hypoplutonous) 



Pu (plutonous) 
PuOz (dioxide) 



FuOz* (hypoplutonyl) 
PU2O3 (pentoxide) 



(plutonyl) 
PuOs (peroxide) 



Am"^ (hypoamericious) 



Am (americous) 
AinOj (dioxide) 
Am(0H)4 (hydroxide) 



Am02* (hypoamericyl) 
Am205 (pentoxide) 
Am02^^ (americyl) 
AmOs (peroxide) 



+4 Species/ +6 
Species 



+6 Species/ +8 
Species 



+5 Species/ +6, 
+8 Species; 
+6 Species/ +8 
Species 



+3 Species/ +4, 
+5, +6 Species; 
+4 Species/ +5, 
+6 Species; 
+5 Species/ +6 
Species 



+3 Species/ +4, 
+5, +^ Species; 
+4 Species/ +5, 
+6 Species; 
+5 Species/ +6 
Species 
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SSSto™' " ""'"Poly-™ Complex A™„„ Redox 




II 



III 



Copper (Cu), Silver (Ag), and Gold (Au) 



IV 



VI 



B 



Beiyllium (Be), M agnesium (Mg), Calcium (Ca), Strontium (Sr), and BarWnS^ 



Zinc (Zn), Cadmium (Cd), and Mercury (Hg) 



Boron (B), and Aluminum (Al) 



B 



VII 



VIII 



IIIB 



B 



Period 4 



Period 5 



Period 6 



Rare Earths 



Scandium (Sc), and Yttrium (Y) - (See Rare Earths) 

Carbon (C), Silicon (Si)> Germanium (Ge)> Tin (Sn) and Lead (Pb) 



Titanium (Ti), Zirconium (Zr), and Hafoium (Hf) 



_Nitr ogen (N), Phosphorous (P), Ai^enic (As), Antimony (Sb\ and BL.muth miV 



Vanadium (V), Niobium (Nb), and T antalum (Ta) 
Sulfiir (S), Selenium (Se), and Tellurium (Te) 



Chromium (Cr), Molybdenum (Mo), and Tungsten (W) 



Huorine (F), Chlorine (CI), Bromine (Br), and Iodine (1) " 



Manganese (MnJ, Technetium (ic), and Rheiihi^WRi) 



Iron (Fe). Cobah (Co), and Nickel (Ni) 



Ruthenium (Ru), Rhodium (Rh), and Palladium (Pd) 



Osmium (Os), Iridium (Ir). and Platinum (Ft) 



All 



Wherein the anolyte portion further comprises super oxidizer, ions with an oxidation potential 
above a threshold value of 1 .7 volts at 1 molar. 25»C and pll 1 , which generate inorganic free 
radicals in aqueous solutions, for involving in a secondary oxidation process for producing 
oxidizers, and organic free radicals for aiding the process and breaking down Sharps I into ions 
in solution in the anolyte and the biological and organic materials involved with Sharps II and III 
into simpler smaller molecular structure biological and organic compounds.. 

99. (New) Apparatus for treating and oxidizing Sharps I into ions in solution in Uie 
anolyte and sterilizing Sharps II and destroying biological and organic waste materials 
comprising an electrochemical cell, an aqueous electrolyte disposed in the electrochemical cell, a 
semi permeable membrane, ion selective membrane, microporous membrane, porous ceramic or 
glass frit membrane disposed in the electrochemical cell for separating the cell into anolyte and 
catholyte chambers and separating the anolyte and catholyte portions, electrodes further 
comprising an anode and a cathode disposed in the electrochemical cell respectively in the 
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anolyte and catholyte chamber, and in the anolyte and catholyte portions of the electrolyte a 

power supplyconnected to the anode and the cathode for applyingadirect current vohage' 
between the anolyte and the catholyte portions of the eiect„,lyte. and oxidizing of the materials 
m the anolyte portion with a mediated electmchemical oxidation (MEO) process wherein the 
anolyte portion further comprises a mediator in aqueous solution for producing reversible redox 
couples used as oxidizing species and the electrolyte is an acid, neutral or alkaline aqueous 
solution, wherein the mediator oxidizing species ax* selected from the group consisting of (a ) 
s.mple ion redox couples described in Table I as below; (b.) Type I isopolyanions complex anion 
redox couples formed by incorporation of elements in Table I, or mixtures thereof as addenda 
atoms; (c.) Type I heteropolyanions complex anion t^dox couples formed by incoiporation into 
Type I isopolyanions as heteroatoms any element selected from the group consisting of the 
elements listed in Table II either singly or in combination thereof, or (d.) heteropolyanions 
complex anion redox couples containing at least one heteroatom type element contained in both 
Table I and Table II below or (e.) combinations of the mediator oxidizing species from any or all 
of (a.), (b.), (c.),and(d.) 
Table I: Simple Ion Redox Couples 



I 


A 


None 










B 


Copper (Cu) 


+2 


Cu (cupric) 

HCuOa (bicuprite) 
CuO,'^ (cuprite) 


+2 Species/ +3, +4 
Species; 

+3 Species/ +4 Species 


+3 


Cu"^ 

CUO2 (cuprate) 
CujOt (sesquioxide) 


+4 


CUO2 (peroxide) 


Silver (Ag) 


+1 


Ag^(argentous) 
AgO(argentite) 


+1 Species/ +2, +3 
Species; 

+2 Species/ +3 Species 




+2 


Ag* (argentic) 
AgO (argentic oxide) 


+3 


AgO* (argentyl) 
AgjOs (sesquioxide) 


Gold (Au) 


+ 1 


Au"^ (aurous) 


+1 Species/ +3, +4 
Species; 

+ 3 Species/ +4 Species 


+3 


Au*^ (auric) 
AuO" (auryl) 
H3AUO3* (auric acid) 
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+4 


H2Au03' (monoauarate) 
HAuOa'^Cdiaurate) 
Au03"^ (triaurate) 
-^^2^3 (^auric oxide) 
Au(0H)3 (auric hydroxide^ 
AuOi (peroxide) 




u 


A 


Magnesium 
(Mg) 


+2 


Mg"'' (magnesic) 
^g02 (peroxide) 


+2 Species/ +4 Specie" 


Calcium 
(Ca) 

Strontium 


•1-2 

+4 

-1-2 


Oa 

Ca02 (peroxide) 


+2 Species/ +4 Species 




Barium (Ba) 


-J-4 
+2 

H-4 


SrOa (peroxide) 
Ba02 (peroxide) 


+2 Species/ +4 Species 
+2 Species/ +4 Species 

... 
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ill 



B 



Mercury 
(Hg) 



Boron 



ThaUium 
01) 



See Rare 
Earths and 
Actinides 



+2 



+4 



+3 



+4.5 



+1 



+3 



+3.33 



+2 Species/ 
+4 Species 



ZnOir (zincyl) 
HZnOzXbizincate) 
" (zincate) 



ZnQ2 (peroxide) 



Hg (mercuric) 

Hg (OH)2 (mercuric 
hydroxide) 
HHgOa" (mercurate) 



HgOa (peroxide^ 



H3BO3 (orthoboric acid) 



H2BO3-, HBOi\ 
(orthoborates) 
BO2' (metaborate) 
H2B4O7 (tetraboric acid) 

HB407'/B407'^ 

(tetraborates) 
B204"^(diborate) 
BeO 10"^ (hexaborate) 



B2O3' (diborate) 



BOaVBOi^'HzO 
(perborate) 



Tr'(thallous) 



Tf' (thallic) 

TIO^ T10H*2, Tl(OH)2* 
(thallyi) 

TI2O3 (sesquioxide) 
TI(OH)3 (hydroxide) 



TI3O5 (peroxide) 



+2 Species/ 
+4 Species 



+3 Species/ 
+4.5, +5 
Species 



+ 1 Species/ 
+3 or +3.33 
Species; 

+3 Species/ 
+3.33 Species 
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Germanium 
(Ge) 



+4 



Tin (Sn) 



+6 



+4 



+7 



Lead(Pb) 



Lead (Pb) 



+2 



+2.67 



+3 



-f4 



HjCOj (carbonic acid) 




HCOa* (bicarbonate) 

CO{^ (carbonate) 



H2C2O6 (perdicarbonic acid) 




+4 Species/ 
+5, +6 Species 



H2CO4 (permonocarbonic acid) 



H2Ge03 (germanic acid) 



HGeOj' (bigermaniate) 
^^Oi"^ (germinate) 
Ge"^ (germanic) 
Geo/ 

H2Ge205 (digermanic acid) 
H2Ge409 (tetragermanic acid) 
HjGesOd (pentagermanic acid) 
HGesO^t" (bipentagennanatc) 
GesOn' (pentagermanate) 



+4 Species/ 
+6 Species 



Sn"^ (stannic) • 

HSnOj* (bistannatc) 
SnOs"^ (stannate) 
Sn02 (stannic oxide) 
Sn(0H)4 (stannic hydr oxide) 
Sn04' (perstannate) 



Pb'^(pIumbous) 
HPb02'(bipiumbite) 



PbOHT 



+4 Species/ 
+7 Species 



+2, +2.67, +3 

Species/+4 

Species 



PbOj' (plumbite) 



PbO (plumbus oxide) 

Pb304 (plumbo-plumbic oxide) 



Pb203 (sequioxide) 



Pb^ (plumbic) 



PbOj'^ (metaplumbate) 
HPb03'(acid mctaplumbate) 



Pb04^ (orthoplumbate) 



PbOz (dioxide) 



+2, +2.67, +3 

Species/+4 

Species 
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Zirconium 
(Zr) 



Hafnium 
(HO 



Nitrogen 



Phosphorus 
(P) 



+4 



+5 



+6 



+7 



+4 



+6 



+5 



+7 



+5 



Phosphorus 
(P) 



+6 



+7 



TiOi^" (pertitanyl) 
HTi04" (acid pertitanate) 
Ti04'^ (pertitanate) 
Ti03 (peroxide) 



Zr (zirconic) 

ZrO*^ (zirconyl) 
HZrOa' (zirconate) 



^lOs (pentoxide) 



ZrOa (peroxide) 



ZtzQ? (hepto?dde) 
Hr*(hafiiic) 

HfO*^ (haftiyl) 



HfDg (peroxide) 



HNO3 (nitric acid) 
NO3* (nitrate) 



HNO4 (pemitric acid) 



H3P04(orthophosphoric acid) 

H2PO4' (monoorthophosphate) 
HPO*'^ (diorthophosphate) 
P04'^ (triorthophosphate) 
HPO3 (raetaphosphoric acid) 
H4P2O7 (pryophosphoric acid) 
H5P3O10 (triphosphoric acid) 
HfiP^pig (tetraphosphoric acid) 



+4 Species/ +5, 
+6, +7 Species 



+4 Species/ 
+6 Species 



+5 species/ 
+7 Species 



+5 Species/ 
+6, +7 species 



H4P2O8 (perphosphoric acid) 
H3PO5 (monoperphosphoric acid) 



+5 Species/ 
+7 Species 
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V 


A 


Arsenic (As) 


+5 


' H^s04 (oilho^ 

H2ASO4" (mono ortho-arsenate) 
HAs04"^ (di-ortho-arsenate) 
AsO^"^ (tri-ortho-arsenate) 
As02^ (areenyl) 




+5 Species/ 
+7 species 








+7 


(perarsenyl) 








Bismuth 
(Bi) 


+3 


BP (bismuthous) 

BiOH^^ (hydroxybismuthous) 
BiO^ (bismuthyl) 
Bi02' (metabismuthite) 




+3 Species/ 
+3.5, +4, +5 
Species 








+3.5 


BuO? (oxide) 










+4 


Bi204 (tetroxide) 










+5 


BiOa" (metabismuthite) 
Bi205 (pentoxide) 








B 


Vanadium 
(V) 


+5 


VOz* (vanadic) 

H3V2O7" (pyrovanadate) 
H2VO4" (orthovanadate) 
VO3" (metavanadate) 
HV04"^ (orthovanadate) 
VO/^ (orthovanadate) 
V2O5 (pentoxide) 
H4V2O7 (pyrovanadic acid) 
HVO3 (metavanadic acid) 
H4V60j7 (hexa vanadic acid) 




+5 Species/ 
+7, +9 Species 








+7 


VO4" (pervanadaic) 










+9 


VOs" (hypervanadate) 
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VI 



Niobium 
(Nb) 



Tantalum 
(Ta) 



Selenium 
(Se) 



Tellurium 
(Te) 



Polonium 
(Po) 



Sulfur (S) +6 



H-7 



+5 



+7 



+7 



+8 



+6 



+7 



+6 



+7 



+2 



+4 



+6 



NbOs" (metaniobate) 

Nb04'^ (orthoniobate) 
Nfb^Oj (pentoxide) 
HNbOs (niobid acid) 



NbO^" (pemiobate) 
Nb207 (pemiobic oxide) 
HNbO* (pemiobic acid) 



TaOs' (tnetatantalate) 

Ta04"^ (onhotanatalate) 
TaoQs (pentoxide) 
HTaba (taiitalic acid) 



TaO^" (pentantalate) 
Ta207 (peitantalate) 
HTaO^^HzO (pertantalic acid) 



H2SO4 (sulfuric acid) 

HSO4' (bisulfate) 
SOi^ (sulfate) 



+5 Species/ +7 
species 



+5 species/ +7 
species 



+6 Species/ +7, 
+8 Species 



S2O3 (dipersulfate) 



H2SO5 (momopersulfiiric acid) 



H2Se204 (selenic acid) 

HSeOd' (biselenate) 
Se04'^ (selenate) 



H2Se208 (perdiselenic acid) 



H2Te04 (telluric acid) 

HTe04' (bitellurate) 
Tc04'^ (tcllurate) 



HjTeaOfl (perditellenic acid) 



Po^(polonous) 



PoOj*^ (polonatc) 



PoOa (peroxide) 



+6 species/ +7 
Species 



H-6 species/ -^7 
species 



+2, +4 species/ 
+6 Species 
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VU 



Molybdenum 
(Mo) 



Tungsten 
(W) 



Chlorine (CI) 



+4 



+6 



+6 



+7_ 
+6 



+8 



+1 



+3 



t5 



+7 



Cr (chromic) 

CrOH*^ Cr(0H)2'^ (chromyls) 

CrOz", CrOj"^ (chromites) 
Cr^Os (chromic oxide) 
Cr(0H)3 (chromic hydroxide) 



CrOa (dioxide) 
Cr(0H)4 (hydroxide) 



H2Cr04 (chromic acid) 
HCr04^ (acid chroraate) 
Cr04'^ (chromate) 
CraO?'^ (dichromate) 



HM0O4" (bimolybhate) 

Mo04'^ (molydbate) 
M0O3 (molybdic trioxide) 
H2M0O4 (molybolic acid) 



M0O4" (permoiybdate) 
WO4 ^ tungstic) 

WO3 (trioxide) 
H2WO4 (tungstic acid) 



WO^"^ (pertungstic) 
H2WO5 (pertungstic acid) 



cr (chloride) 



HCIO (hypochlorous acid) 
CIO" (hypochlorite) 



HClOz (chlorous acid) 
CIO2* (chlorite) 



HCIO3 (chloric acid) 
CIO/ (chlorate) 



HCIO4 (perchloric acid) 
CIO4', HCIO5 ClOj"', CI2O9"* 
(perchlorates) 



+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 



+6 Species/ 
+7 Species 



+6 Species/ 
+8 Species 



-I Species/ +1, 
+3, +5, +7 
Species 



+1 Species/ +3, 
+5, +7 Species; 
+3 Species/ 
+5, +7 Species; 
+5 Species/ 
+7 Species 
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+3 



+5 



+7 



Iodine 



-1 



+1 



+3 



+5 



+7 



Manganese 
(Mn) 



+2 



+3 



+4 



+6 



+7 



HBrO (hypobromous acid) 
BrO" (hypobi-omilee) 



HBr02 (bromous acid) 

Br02' (bromite) 



HBrOj (bromic acid) 
BrOi (bromate) 



-1 Species/+l, 
+3, +5, +7 
Species; 



+ 1 Species/+3, 
-♦-5, +7 Species; 
+3 Species/ +5, 
+7 Species; 
+5 Species/ +7 
Species 



HBr04 (pcrbi-oniic acid) 
BrO,-, HBrOs"\ BiOi\ BrjO,"* 
(prebromates) 



r (iodide) 



HIO (hypoiodus acid) 
10' (hypoiodite) 



HIO2 (iodous acid) 
IO2' (iodite) 



HIO3 (iodic acid) 
lOi (iodate) 



HIO4 (periodic acid) 
I0/,HI05 ^ lOs ^I^O,-^ 
(periodates) 



-1 Species/+1, 
+3, +5, +7 
Species; 



+ 1 Species/+3, 
+5. +7 Species; 
+3 Species/ +5, 
+7 Species; 
+5 Species/ +7 
Species 



Mn^^ (mangancous^r 



HMT1O2' (dimanganite) 



Mn^ (manganic) 



Mn02 (dioxide) 

Mn04'^ (manganate) 



Mn04' (permanganate) 



+2 Species/ +3, 
+4, +6, +7 
Species; 
-i-3 species/ +4, 
+6, +7 Species; 
+4 Species/ +6, 
+7 Species; 
+6 Species/ +7 
Species 
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^^^^ 
















■will 


VIII 


Period 4 


Iron (Fe) 


+2 


Fe^^ (ferrous) 
HFe02 (dihypoferrite) 


+2 Species/+3, 
+4, +5, +6 
Species; 








+3 


Fe*^ (ferric) 
Fe(OH)^' 

Fe{OH)2* 
Fe02'^(ferrite) 


+3 Species/+4, 
+5, +6 Species; 


vm 


Period 4 


Iron (Fe) 


+4 


FeO*^ (ferryl) 
FeOj-^ (perferrite) 


+5, H-6 Species; 
+5 Species/ 
+6 Species 








+5 


FeOz"" (perferry!) 








+6 


FeO*"^ (ferrate) 








Cobalt (Co) 


+2 


Co*^ (cobalous) 
HCoOi" (dicobaltite) 


+2 Species/ 
+3, +4 Species; 
+3 Species/ 
+4 Snecies 








+3 


Co"-* (cobaltic) 
C02O3 (cobaltic oxide) 








+4 


C0O2 (peroxide) 
H2C0O3 (cobaltic acid) 








Nickel (Ni) 


+2 


Ni*^ (nickelous) 
NiOH* 

HNiOz" (dinickelite) 
NiQz'^ (nickelite) 


+2 Species/ +3, 
+4, +6 Species; 
+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 








+3 


Ni*'' (nickel ic) 
NiaOa (nickelic oxide) 










+4 


Ni02 (peroxide) 










+6 


Ni04'^ (nickelate) 
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Rhodium 
(Rh) 



PaUadium 



+3 



+4 



+5 



+6 



+7 



+8 



+1 



+2 



+3 



+4 



+6 



+2 



+3 



+4 



+6 



Ru203 (sesquioxide) 



Ru(0H)3 (hydroxide) 



Ru^(ruthenic) 
RUO2 (ruthenic dioxide) 
Ru(0H)4 (i-uthenic hydroxide) 



RU2O5 (pentoxide) 



RUO4 (nithenate) 

Ru02"'^ (ruthenyl) 
RUO3 (trioxide) 



RUO4' (perruthenate) 



H2RUO4 (hyperuthenic acid) 
HRuOs' (diperruthenate) 
RUO4 (ruthenium telroxide) 
Rh* (hyporhodous) 



Rh"" (rhodous) 



Rh*' (rtiodic) 
Rh203 (sesquioxide) 



RhOj (rhodic oxide) 
Rh(0H)4 Oiydroxide) 



Rh04'^ (rhodate) 
Rh03 (trioxide) 



Pd*-^ (palladous) 
Pd02"^ (palladite) 



Pd203 (sesquioxide) 



Pd 03'^ (palladate) 
Pd02 (dioxide) 
Pd(OH)4 (hydroxide) 



Pd03 (peroxide) 



+2 Species/ +3. 
+4» 4-5, +6, +7. 
+8 Species; 
•f-3 Species/ +4, 
+5, 4^, 4-7, 4-8 
Species; 
4-4 Species/ 
4-5, 4-6, 4-7, 4-8 
Species; 
4-5 Species/ 4-6, 
4-7, 4-8 Species; 
4-6 Species/ 
4-7, 4-8 Species; 
4-7 Species/ 
+8 Species 



4-1 Species/4-2, 
4-3, 4-4, +6 
Species; 
4-2 Species/ 4-3, 
4-4, 4-6 Species; 
4-3 Species/ 4-4, 
4-6 Species; 
+4 Species/ 4-6 
Species 



+2 Species/ 4-3, 
4-4, +6 Species; 
4-3 Species/ 
4-4, 4-6 Species; 
4-4 Species/ 
4-6 Species 
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1 ^^fia g^i^^ 






^^^^ 


VIII 


Period 6 


Iridium (If) 


+3 


Ir^' (iridic) 

Ir203 (iridium sesquioxide) 
Ir (OH)3 (iridium hydroxide) 


-1-3 Species/ 
+4, +6 Species; 
+4 Species/ 
. +6 Species 








+4 


Ir02 (iridic oxide) 

Ir (0H)4 (iridic hydroxide) 










+6 


Ir04"^ (iridate) 

IrOa (iridium peroxide) 








Platinum 
(Pt) 


+2 


Pt*^ (platinous) 


+2, -1-3 Species/ 
+4, +6 Species; 








+3 


Pt203 (sesquioxide) 


■♦-4 Species/ 
+6 Species 








+4 


PtOa*' (palatinate) 
PtO*^ (platinyl) 
Pt(OH)*^ 

Pt02 (platen ic oxide) 


IllB 


Rare 
earths 


Cerium (Ce) 


—3 ' 


Ce^^ (cerous) 
Ce203 (cerous oxide) 
Ce(0H)3 (cerous hydroxide) 


+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species . 








1 A 

+4 


Ce"\ Ce(OH)'^^ Ce(OH)2^^ 
Ce(OH)3* (eerie) 
Ce02 (eerie oxide) 










+0 


CeOa (peroxide) 








Praseodymiu 
m(Pr) 


+3 


Pr*^ (praseodymous) 

PfiOj (sesquioxide) 
Pr(OH)3 (hydroxide) 


+3 species/ +A 
species 










rr (praseodymic) 
PrOj (dioxide) 








Neodymium 


+3 


Nd^^ 

Nd203 (sesquioxide) 


^-3 Species/ +4 
Species 








+4 


Nd02 (peroxide) 








Terbium (Tb) 


+3 


Tb^^ 

TbaOs (sesquioxide) 


+3 Species/ +4 
Species 








+4 


Tb02 (peroxide) 
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niB 


Actinid 

es 


Thorium (Th) 


44 


Th** (tlioric) 

ThO*^ (thoryl) 
HThOj' (thorate) 


+4 Species/ +6 
Species 








+6 


ThOs (acid peroxide) 








Uraaiura (U) 


+6 


(uranyl) 
UO3 (uranic oxide) 


+6 Species/ +8 
Species 








+8 


HUOs", UOs''' (peruranates) 
UO4 (peroxide) 








Neptunium 
<Np) 


+5 


^pOz^ (hyponeptunyl) 


+5 Species/ +6, 
+8 Species; 
+6 Species/ +8 
Species 








+6 


NpOa^^ (neptunyl) 
NpOs (trioxide) 








+8 


Np04 (peroxide) 








Plutonium 
(Pu) 


+3 


Pu *^ (hypoplutonous) 


+3 Species/ +4, 
+5, +6 Species; 








+4 


Pu*^ (plutonous) 

PuOz (dioxide) 


+4 Species/ +5, 
+6 Species; 
+5 Species/ +6 
Species 








+5 


Pu02^ (hypoplutonyl) 
PU2O5 (pentoxide) 










PuOj""^ (plutonyl) 
PuOs (peroxide) 








Americium 
(Am) 


+3 


Am^"* (hypoamericious) 


+3 Species/ +4, 
+5, +6 Species; 








+4 


Am'''* (americous) 
AmO: (dioxide) 
Am(0H)4 (hydroxide) 


+4 Species/ +5, 
+6 Species; 
+5 Species/ +6 
Species 








+5 


Am02^ (hypoamericyl) 
Am205 (pentoxide) 










+6 


Ara02*^ (americyl) 
AmOs (peroxide) 
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Table II: Elements Participating as Heteroatoms in Heteropolyanion Complex Anion Redox 
Couple Mediators 









I 


A 


Lithium (Li), Sodium (Na), Potassium (K), and Cesium (Cs) ^ - ^ t - 


B 


Copper (Cu), Silver (Ag), and Gold (Au) 


ti 


A 


Beryllium (Be), Magnesium (Mg), Calcium (Ca), Strontium (Sr), and Barium (Ba) 


B 


Zmc (Zn), Cadmium (Cd), and Mercury (Hg) 


111 


A 


Boron (B), and Aluminum (Al) 


B 


Scandium (Sc), and Yttrium (Y) - (See Rare Earths) 


TV 


A 


Carbon (C), Silicon (Si), Germanium (Ge), Tin (Sn) and Lead (Pb) 


B 


iitanium (Ti), Zircomum (Zr), and Hafnium (Hf) 


V 


A 


Nitrogen (N), Phospliorous (P), Arsenic (As), Antimony (Sb), and Bismuth (Bi) 


B 


Vanadium (V), Niobium (Nb), and Tantalum (Ta) 


VI 


A 


Sulfur (S), Selenium (Se), and Tellurium (Te) 


B 


Chromium (Cr), Molybdenum (Mo), and Tungsten (W) 


VII 


A 


Fluorme (F), Chlorine (CI), Bromine (Br), and Iodine (I) 


B 


Manganese (Mn), Technetium (Tc), and Rhenium (Re) 


vm 


Period 4 


Iron (Fe), Cobalt (Co), and Nickel (Ni) 


Period 5 


Ruthenium (Ru), Rhodium (Rh), and Palladium (Pd) 


Period 6 


Osmium (Os), Iridium (Ir), and Platinum (Pt) 


IIIB 


Rare Earths 


All 



further comprising additives disposed in the electrolyte for contributing to kinetics of the 
mediated electrochemical processes while keeping it from becoming directly involved in the 
oxidizing of the biological and organic waste materials, and stabilizer compounds disposed in the 
electrolyte for stabilizing higher oxidation state species of oxidized forms of the reversible redox 
couples used as the oxidizing species in the electrolyte, wherein the stabilizing compounds are 
tellurate or periodate ions. 

1 00- (New) The process of claim 96, wherein the mediator oxidizing species are simple 
ions redox couple mediators described in Table I; Type I isopolyanions formed by Mo, W, V, 
Nb, Ta, or mixtures thereof. 

101. (New) The apparatus of claim 99, wherein an aqueous anolyte electrolyte solution 
comprises an alkaline solution for aiding decomposing the biological and organic waste 
materials, for absorbing CO2, for forming alkali metal bicarbonate/carbonate for circulating 
through the electrochemical cell, and for producing a percarbonate oxidizer. 
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102 (New) The apparatus of claim 99, further comprising an AC source for impression 
of an AC voltage upon a DC voltage to retard the formation of cell performance limiting surface 
films on the electrodes. 

1 03. (New) The apparatus of claim 99, wherein the power supply energizes an 
electrochemical cell at a potential level sufficient to form an oxidized form of a redox couple 
having the highest oxidation potential in an aqueous anolyte electrolyte solution, and further 
comprising a heat exchanger connected to an anolyte reaction chamber for controlling 
temperature between 0°C and shghtly below the boiling temperature of an aqueous anolyte 
electrolyte solution before the aqueous anolyte electrolyte solution enters the electrochemical 
cell enhancing the generation of oxidized forms of the ion redox couple mediator, and adjusting 
the temperature of an aqueous anolyte electrolyte solution to the range between 0°C and slightly 
below the boiling temperature when entering the anolyte reaction chamber. 

104. (New) The apparatus of claim 99, wherein the Qxidizing species are one or more 
Type I isopolyanion complex anion redox couple mediators containing tungsten, molybdenum, 
vanadium, niobium, tantalum, or combinations thereof as addenda atoms in aqueous solution. 

105. (New) The apparatus of claim 99, further comprising an off-gas cleaning system, 
comprising scrubber/absorption colunms coxmected to a vent, a condenser connected to an 
anolyte reaction chamber, whereby non-condensable incomplete oxidation products, low 
molecular weiglit organics and carbon monoxide are reduced to acceptable levels for 
atmospheric release by a gas cleaning system, and wherein an anolyte off-gas is contacted in an 
off-gas cleaning system wherein the noncondensibles from the condenser are introduced into the 
lower portion of the off-gas cleaning system through a flow distribution system and a small side 
stream of freshly oxidized aqueous anolyte electrolyte solution direct from an electrochemical 
cell is introduced into the upper portion of the column, resulting in a gas phase continuously 
reacting with the oxidizing mediator species as it rises up the column past the downflowing 
aqueous anolyte electrolyte solution, and extemal drain, for draining to an organic compound 
removal system and an inorganic compoimds removal and treatment system, and for draining the 
anolyte system, wherein an organic compounds recovery system is used to recover biological 
materials that are benign and do not need further treatment, and biological materials that will be 
used in the form they have been reduced. 
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106. (New) The apparatus of claim 99, further comprising a thermal control unit 
connected to heat or cool an aqueous anolyte electrolyte solution to a selected temperature range 
when the aqueous anolyte electrolyte solution is circulated into an anolyte reaction chamber 
through the electrochemical cell by pump on the anode chamber side of the membrane, a flush 
for flushing an aqueous anolyte electrolyte solution, and a filter located at the base of the anolyte 
reaction chamber to limit the size of exiting solid particles to approximately Inun in diameter, 
further comprising a thermal control unit connected to heat or cool an aqueous catholyte 
electrolyte solution to a selected temperature range when the aqueous catholyte electrolyte 
solution is circulated into a catholyte reservoir through tiae electrochemical cell by pump on the 
cathode chamber side of the membrane. 

107. (New) The apparatus of claim 99, further comprising an aqueous anolyte 
electrolyte solution and an independent aqueous catholyte electrolyte solution containment 
boundary composed of materials resistant to the electrolyte selected from a group consisting of 
stainless steel, PTFE, PTFE Imed tubing, glass and ceramics, or combinations thereof 

108. (New) The apparatus of claim 99, fiirther comprising an ofif-gas cleaning system 
connected to a catholyte reservoir for cleaning gases before release into the atmosphere and an 
atmospheric vent connected to the off-gas cleaning system for releasing gases into the 
atmosphere, wherein cleaned gas from the ofF-gas cleaning system is combined with unreacted 
components of the air introduced into the system and discharged through the atmospheric vent. 

1 09. (New) The apparatus of claim 99, further comprising a screwed top on a catholyte 
reservoir to facilitate flushing out the catholyte reservoir, a mixer connected to the catholyte 
reservoir for stirring an aqueous catholyte electrolyte solution, a catholyte pimip connected to the 
catholyte reservoir for circulating an aqueous catholyte electrolyte solution back to the 
electrochemical cell, a drain for draining an aqueous catholyte electrolyte solution, a flush for 
flushing the catholyte system, and an air sparge connected to the housing for introducing air into 
the catholyte reservoir, wherein an aqueous catholyte electrolyte solution is circulated by pump 
through an electrochemical cell on the cathode side of the membrane, and wherein contact of 
oxidizing gas with an aqueous catholyte electrolyte solution is enhanced by promoting gas/liquid 
contact by mechanical and/or ultrasonic mixing, 

1 1 0. (New) The apparatus of claim 99, wherein an electrochemical cell is operated at 
high membrane current densities above about 0.5 amps/cm^ for increasing a rate of waste 
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destruction, also results in increased mediator ion transport through a membrane into an aqueous 
catholyte electrolyte solution, and further comprising an anolyte recovery system positioned on 
the catholyte side, air sparging on the catholyte side to dilute and remove off-gas and hydrogen, 
wherein some mediator oxidizer ions cross the membrane and are removed through the anolyte 
recovery system to maintain process efficiency or cell operability. 
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